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SLEEP QUALITY, WEIGHT, AND EXECUTIVE FUNCTIONING
Abstract
Poor sleep quality and elevated weight status are associated with poorer executive
functioning (EF). The current study investigated the relationship between sleep quality,
weight status, and EF in patients presenting for vocational rehabilitation evaluation, as
well as whether EF is related to endorsing well-defined vocational interests. This
retrospective study evaluated neuropsychological test data collected as part of standard
clinical care from October 2018 to February 2021 from an urban outpatient training
clinic. Patients seen for neuropsychological evaluation (N = 96) completed the Booklet
Category Test, Trails A & B, Pittsburgh Sleep Quality Index, Behavior Rating Index of
Executive Function (BRIEF), Wechsler Adult Intelligence Scale – IV, and either the
Career Occupational Preference System Interest Inventory or the Strong Interest
Inventory. Body mass index (BMI) was calculated using patients’ self-reported height
and weight. Linear and logistic regression determined relationships between variables. A
relationship was found between sleep disturbance and BMI (t = 2.50, p = 0.015) and
sleep quality and set shifting (Trails B; t = 2.05, p = 0.046). There was also an association
between self-report metacognition (BRIEF) and well-defined vocational interest (p =
0.011). The present study adds to the limited literature on EF, sleep quality, and BMI in
the adult vocational rehabilitation population. The established association between sleep
disturbance and BMI, sleep quality and cognitive set shifting, and metacognition and
well-defined vocational interest shows the need for screening and subsequent treatment in
individuals with disability who are seeking return to work.
Keywords: Executive functioning, BMI, sleep quality, vocational interest,
vocational evaluation.
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Chapter 1: Introduction
Statement of the Problem
Obesity (body mass index, or BMI, ≥ 30 kg/m²) is one of the leading health
concerns in the United States (Hales et al., 2018; Hruby & Hu, 2015). Currently, 39% of
adults in the United States have obesity, and this rate continues to increase each year
(Hales et al., 2018). It is projected that by 2030, 85% of adults in the United States will
experience overweight (BMI = 25-29.9) or obesity (Wang et al., 2008; Kelly et al., 2008;
National Institute of Health, 2019).
Numerous comorbidities are associated with obesity, such as nonalcoholic fatty
liver disease, chronic kidney disease, cardiovascular disease, hypertension, type 2
diabetes, and specific cancers, which can drastically increase medication and healthcare
utilization, as well as the risk of premature mortality (Abdelaal et al., 2017; Friedman &
Andrus, 2012; Heron, 2013; Kahn et al., 2006; Narbro et al., 2002). Notably, certain sleep
disorders are commonly associated with obesity (Hruby & Hu, 2015), including
obstructive sleep-apnea syndrome (OSA), which is characterized by the airway
collapsing or significantly reducing its surface area during inspiration and limiting
oxygen flow into the body (Dayyat et al., 2007). Essentially, obesity may result in upper
airway constriction due to fat deposits near the upper airway structures, as well as the
increased pressure on the anterior neck region and other cervical structures, causing the
airway to collapse (Horner et al., 1989; Suratt et al., 1983; White et al., 1985).
Executive functioning (EF) encompasses cognitive processes that direct goaloriented behavior and are carried out by activity within the prefrontal cortex (Olson &
Luciana, 2008; Shimamura, 2000). Domains within EF include everyday skills such as
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working memory, planning, organization, problem-solving, attention, set-shifting, and
inhibitory control (Lezak, 1995). EF deficits have been strongly associated with OSA. In
OSA, intermittent hypoxic events can accompany sleep and breathing disruption and can
contribute to cognitive dysfunction in OSA patients due to oxygen deprivation (El-Ad &
Lavie, 2005; Malhotra & White, 2002; Beebe et al., 2003). In a study that reviewed
relevant research comparing OSA patients to healthy controls, it was found that EF is the
most affected cognitive domain on standardized neuropsychological measures
(Saunamäki & Jehkonen, 2007). Specifically, working memory, phonological fluency,
cognitive flexibility, and planning components of executive functioning were often
implicated. Similarly, a meta-analysis revealed that individuals with OSA have
significant deficits in attention, vigilance, and EF (Romala et al., 2013). Causally, the
review showed that global cognitive function, which includes EF, appears to be linked to
hypoxia, which was referenced in earlier studies. A pediatric study that included
magnetic resonance imaging (MRI) observed greater neural recruitment of regions
implicated in cognitive control, conflict monitoring, and attentional allocation in children
with sleep apnea to perform at the same capacity as non-OSA patients (KheirandishGozal et al., 2014), which could specifically show the effect that hypoxic events have on
the brain. Another meta-analysis that focused on treatment of OSA categorized EF into
five domains (shifting, updating, inhibition, generativity, and fluid reasoning) and
showed that each of these areas are negatively affected by OSA (Olaithe & Bucks, 2013).
After continuous positive airway pressure (CPAP) treatment of the condition, each of
these areas showed improvement. The meta-analyses also showed improved EF domains,
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such as cognitive flexibility and speed and planning, due to increased oxygen flow
posttreatment (Saunamäki & Jehkonen, 2007; Romala et al., 2013).
Obesity, independent of OSA, may also negatively impact cognitive functioning
(Alosco et al., 2014; Spitznagel et al., 2013), particularly EF (Blume et al., 2018). EF has
been suggested to have a top-down regulatory role, and dysregulation of this process
results in less efficient response inhibition and poorer decision-making as BMI increases
(Joseph et al., 2011). Numerous tasks associated with maintaining a healthy lifestyle and
body weight, such as planning meals and physical activity, inhibiting cravings for highly
palatable foods, and delaying immediate reward for long-term health, involve cognitive
abilities governed by executive functioning. However, individuals with obesity and
elevated levels of uncontrolled eating perform more poorly on executive functioning
tasks of inhibitory control (Calvo et al., 2014). Individuals with severe obesity seeking
bariatric surgery have deficits in executive functioning on neuropsychological tests, and
these deficits relate to challenges with dietary adherence (Spitznagel et al, 2013). Further
neuropsychological evidence has been found on the Iowa Gambling Task, a decisionmaking test, in which individuals with obesity had poorer decision-making skills and
decreased ability to modulate reward and punishment, similar to those found in eating
disorder patients (Brogan et al., 2010). MRI studies have indicated that inflammation in
the orbitofrontal and prefrontal cortex due to obesity damages the brain circuit that
regulates food intake, the reward circuit, cognitive control (EF), and attention (Carnell et
al., 2012; Cazettes et al., 2011). To that end, individuals with obesity have poorer
performance in verbal fluency, memory, and decreased EF ability (cognitive flexibility,
disinhibition) than normal-weight individuals (Gunstad et al., 2007; Lokken et al., 2009).
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Therefore, the relationship between obesity and EF warrants further study, particularly
given the well-established relationships between sleep apnea and obesity and sleep apnea
and EF challenges.
Several studies have evaluated the relationship between sleep, obesitym and
executive functions (Tee et al., 2018). Specifically, poorer sleep quality is associated with
higher weight and is associated with greater disinhibited eating behavior (Blumfield et
al., 2018). It was hypothesized that sleep impairment is related to a higher drive for
exciting rewards and, when paired with high executive disinhibition, food seeking
behavior and weight increases. Furthermore, as an individual’s sleep quality declines,
their ability to control impulses and cravings becomes impaired, which in turn creates the
inability to consider long-term consequences of overeating behavior. The continued focus
on short-term satisfaction and rewards over time results in increased weight gain and
potentially obesity. Nonrestorative sleep, defined as sleep that does not lead to a feeling
of being refreshed, is also associated with poorer performance on behaviorally assessed
EF, perceived EF difficulties, and reported daytime dysfunction (Tinajero et al., 2018).
Daytime dysfunction in this study was defined as perceived daily cognitive and EF
difficulties and reduced performance on a behavioral measure of EF. Other studies have
characterized it into impairments, including significant daytime fatigue, sleepiness, and
decreased work productivity, that affect everyday life responsibilities (Maurice, 2005;
Roth et al., 2010). Therefore, even in the absence of a diagnosed sleep disorder,
diminished sleep quality can negatively impact executive functioning ability. Therefore,
the relationship between sleep quality, executive functioning, and obesity requires further
study.
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A study evaluating neurobehavioral functioning in adolescents with and without
obesity with OSA hypothesized that adolescents with obesity and OSA would have more
neurobehavioral abnormalities (including internalizing problems with control of
emotions, social withdrawal and feelings of worthlessness or inferiority and externalizing
problems with interpersonal relationships, rule breaking, irritability, and belligerence)
than obese and lean adolescents without OSA (Xanthopoulos et al., 2015).
Neurobehavioral symptoms involve the processes of problem solving, information
processing, judgment, emotion regulation, and abstract reasoning skills, which are all
components of executive functioning. Adolescents with both OSA and obesity had
impaired EF and diminished behavioral functioning (depression and anxiety) compared to
obese and lean controls without OSA. Additionally, adolescents with both OSA and
obesity were more likely to score in the clinically abnormal range on measures of
neurobehavioral functioning (poorer attention, parent-reported externalizing behaviors)
and on executive functioning and metacognition. Further, the authors suggested that if
untreated, neurobehavioral deficits could persist through adulthood.
Similarly, Mietchen et al. (2016) evaluated parent-reported deficits in executive
function and sleep-disordered breathing in participants in a pediatric weight loss program.
The researchers hypothesized that those at risk for sleep-disordered breathing, based on
greater weight status, would have greater deficits in executive functioning than those not
at risk for sleep-disordered breathing. Additionally, they hypothesized that executive
functioning would be associated with weight change over time. As expected, significant
correlations between sleep-disordered breathing and EF were found, as were significant
differences in EF between adolescents classified as at risk or not at risk for sleep-
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disordered breathing on parent-report forms. Along with executive dysfunction and
poorer sleep health, many children with obesity have accompanying internalizing
psychopathology, which too negatively affects EF (Pearce et al., 2018).
Obesity, sleep, and executive functioning also affect functioning at the
occupational level. Higher body weight increases the chance of absenteeism (sick days,
temporary work loss such as sick leave), as well as presenteeism (reduced productivity
while being present at work due to factors such as pain; Goettler et al., 2017). Obesity is
also associated with greater likelihood of permanent work loss, including disability and
work-related injury (Goettler et al., 2017; Gu et al., 2016). For example, compared to
normal-weight workers, workers with overweight or obesity were 25% to 68% more
likely to experience work-related injuries (Gu et al., 2016). Obesity may increase the risk
of certain occupational diseases or conditions, such as musculoskeletal disorders,
cardiovascular disease, asthma, vibration-induced injury, and may modify physiological
responses to neurotoxins and immune responses to disease (Schulte et al., 2007). Poor
sleep quality and sleep disorders also may impair short- and long-term health and safety
on the job and are common in workers who inhibit their typical rest patterns when tired
and alter their biorhythms due to restricting work environments (Magnavita & Garbarino,
2017). Moreover, sleep deprivation results in significant impairments in cognitive
functioning, such as EF, attention and concentration, and motor performance (Caixeta et
al., 2012).
Vocational rehabilitation is commonly associated with work-related disability or
injury (Dutta et al., 2008). The Department of Labor and Industry in Pennsylvania (2019)
defines an adult with disability as someone that must be unable to do any substantial
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work because of their medical condition(s), and their medical condition(s) must have
lasted or be expected to last at least 1 year or to result in death. The Office of Vocational
Rehabilitation (OVR) provides vocational rehabilitation services to help persons with
disabilities prepare for, obtain, or maintain employment. They provide individualized
services to eligible individuals with disabilities, including neuropsychological evaluations
to determine cognitive functioning pertaining to employment in brain injury patients
(Department of Labor and Industry in Pennsylvania, 2019). The OVR counselor
coordinates this in conjunction with vocational goals and connects clients with service
providers. An individualized plan for employment (IPE) is developed, outlining a
vocational objective, services, providers, and responsibilities. Previous research has
shown that major barriers to return to work include neurobehavioral impairments
(disinhibition, impulsivity, decreased initiation) and executive functioning deficits
(impaired goal setting, task monitoring, attention) in brain injury patients and can
significantly affect job performance and adjustment in the workplace following the injury
(Dikmen et al., 1994). However, using a resource facilitation-based model like the OVR,
which helps individuals obtain information, services, and supports to make informed
choices and meet their goals, results in good outcomes, with 74% of participants with
mild disability, 65% of participants with moderate disability, and 48% of participants
with severe disability successfully obtaining employment (Trexler & Parrott, 2018).
Meta-analyses have revealed that the risk of work-related accidents more than double in
OSA patients, and approximately 13% of work injuries could be attributed to sleep
problems (Garbarino et al., 2016; Uehli et al., 2014). These statistics suggest that
cotreatment of sleep disorders is also important in returning to work in a safe manner.
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Obesity, which has been associated with EF deficits, lacks evidence to guide
rehabilitation, and the evidence is described as sparse and weak in the hospital
rehabilitation population (Seida et al., 2018). Because the majority of the current research
does not focus on the treatment of these three comorbidities, it can be assumed that
outcomes would worsen, considering the effect each of these have on EF. Therefore,
examining EF in relation to these issues may be important to develop new interventions
and help OVR clients succeed.
To date, research on obesity, sleep quality, and executive functioning is limited,
particularly in vocational rehabilitation populations and the impact it has on treatment
and outcomes. Therefore, the current study assessed the relationship between body
weight status (healthy, overweight, obese) and sleep quality on EF in adults seeking
neuropsychological evaluation for vocational rehabilitation. Secondarily, the relationship
between EF and well-defined vocational interests was also evaluated.
Purpose of the Study
Body mass index (BMI), sleep quality, and executive functioning (EF) are all
associated with one another (Blumfield et al., 2018; Maurice, 2005; Pearce et al., 2018;
Roth et al., 2010; Tee et al., 2018; Tinajero et al., 2018). Previous research has shown
that neurobehavioral impairments (disinhibition, impulsivity, decreased initiation) and EF
deficits (impaired goal setting, task monitoring, attention) and poor sleep can
significantly affect job performance and adjustment in the workplace following injury or
disability (Dikmen, 1994; Garbarino et al., 2016; Silva et al., 2000; Uehli et al., 2014).
Poor sleep and obesity can exacerbate EF deficits that may already be present in patients
referred for vocational rehabilitation evaluations and can have a profound impact on
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occupational success (Machamer et al., 2005; Menon et al., 2010). Limited research has
been conducted on EF, sleep quality, and weight status together, and many of the studies
that include all three variables were conducted in the pediatric and adolescent population
(Blumfield et al., 2018; Mietchen et al., 2016; Pearce et al., 2018; Tee et al., 2018;
Xanthopoulos et al., 2015). The current study evaluated the relationship between
executive functioning, sleep quality, and BMI in an adult vocational rehabilitation
population, which has been under-researched previously (Seida et al., 2018). In addition,
the vocational rehabilitation population may be at risk for numerous challenges as they
enter or reenter the workforce, considering the lack of research encompassing factors
such as obesity and how EF may contribute to vocational interest. It was hypothesized
that poorer sleep quality and higher BMI would result in lower EF in adults in an adult
vocational rehabilitation setting seeking return to work. It was also hypothesized that
lower sleep quality would be associated with greater BMI. An additional hypothesis was
that BMI would result in poorer sleep quality and more daytime dysfunction and sleep
disturbance. Lastly, it was hypothesized that poorer EF would result in less well-defined
vocational interests. Results of the study provided more information about the
relationship between weight, sleep. and EF and possible considerations when these
individuals are seeking employment.
Research Questions and Hypotheses
1. Lower executive functioning abilities, including global executive functioning,
lower cognitive flexibility and concept formation, more difficulty set-shifting, and
poorer inhibition, after accounting for general intelligence, would be associated
with poorer global sleep quality.

10

SLEEP QUALITY, WEIGHT, AND EXECUTIVE FUNCTIONING
2. Poorer global sleep quality would be associated with greater body mass index
(BMI) in the representative sample.
3. Greater sleep disturbances and daytime dysfunction would be associated with
greater BMI in the representative sample.
4. Higher BMI would be associated with greater global executive dysfunction and
poorer inhibition.
5. Individuals with lower executive functions in cognitive flexibility and concept
formation, set shifting, and metacognition would have fewer and less defined
vocational interests.
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Chapter 2: Review of the Literature
Obesity (body mass index, BMI ≥ 30 kg/m²) is one of the leading health concerns
in the United States (Hales, et al., 2018; Hruby & Hu, 2015). Obesity can be
progressively categorized into Class I Obesity (BMI of 30 to < 35 kg/m²), Class II
Obesity (BMI of 35 to < 40 kg/m²), or Class III Obesity (BMI of 40 kg/m² or higher),
sometimes known as extreme or severe obesity (Centers for Disease Control and
Prevention, 2017). Currently, 39% of adults in the United States have obesity, and this
percentage continues to increase (Hales et al., 2018). In the 2013-2014 calendar year,
more than 2 in 3 adults were classified as overweight (BMI = 25-29.9) or obese, and 1 in
13 adults were considered to meet the criteria for extreme obesity (National Institutes of
Health, 2018). Trends suggest that obesity will continue to be a significant public health
concern in the long-term, considering that the worldwide obesity rate has tripled since
1975 (World Health Organization, 2018). By 2030, it is projected that 85% of adults in
the United States will have overweight or obesity (Kelly et al., 2008; National Institute of
Health, 2019; Wang et al., 2008). The high rates of overweight and obesity are associated
with a rising economic burden (Tsai et al., 2011). Yearly, approximately $100 to $190
billion is spent on obesity-related healthcare costs per year, which equates to
approximately 21 percent of all United States healthcare expenditures (Cawley &
Meyerhoefer, 2012; Tsai et al., 2011).
Etiology and Epidemiology
The etiology of obesity is complex, but one factor known to significantly
contribute to the development of this condition is an energy imbalance between calories
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consumed and the calories expended. This imbalance creates an energy surplus and a
recurrent state of excess caloric energy, resulting in increased body weight over time
(Hruby & Hu, 2015). Excess caloric energy can be caused by a multitude of factors,
including environmental cues to consume more calories than needed for survival,
sedentary lifestyles, and genetics.
Specifically, the development of overweight and obesity likely relate to an
interaction between genetic and environmental factors, as well as individual-level risk
factors such as prenatal and perinatal exposures, disease, poor sleep quality, and food
choices (Hruby et al., 2016). Twin studies estimate that the genetic contribution to BMI is
between 40–70% (Stunkard et al., 1986; Turula et al., 1990; Wardle et al., 2008),
indicating that there is strong heritability and predisposition to weight gain across the
lifespan.
The environment and related behaviors can also influence weight status in a
multitude of ways. Significant differences are well-documented in physical activity levels
and BMI when comparing individuals living in an urban or rural community (James et
al., 2013). Specifically, individuals residing in areas of lower population density and
greater spread participate significantly less in physical activity then those in more urban
areas (James et al., 2013). Further, the Centers for Disease Control and Prevention (2018)
recently reported the obesity prevalence in rural counties to be 34.2 percent compared to
28.7 percent in metropolitan counties; notably, this finding was consistent across
sociodemographic categories including age, biological sex, and household income.
Furthermore, socioeconomic factors can play a significant role in the onset of
obesity. For example, low education (especially in women), poverty, lack of access to
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physical activity resources, and food desert geographic areas are all associated with
increased obesity rates (Aitsi-Selmi et al., 2014; Levine, 2011). Individuals of lesser
socioeconomic status may not have access to resources that would promote a healthier
lifestyle, such as fresh food and safe environments for physical activity. Highly processed
foods, which describes food that has had salt, oil, sugar, or other ingredients added to it
and include many packaged items, have been shown to be especially associated with
increased overweight and obesity rates (Poti et al., 2017; Monteiro et al., 2018). In
addition to weight gain, highly processed foods lead to decreased satiety and increased
meal eating rates (Laster & Frame, 2019). These factors in combination with the fact that
processed foods are energy-dense and high in saturated and trans-fat, are major
contributors to the negative health consequences of processed food (Pan American Health
Organization of the World Health Organization, 2015). Processed foods are also cheaper
and highly palatable (Kern et al., 2017; Monteiro et al., 2018). Therefore, lower
socioeconomic status communities are likely to consume these foods and have an
increased risk of obesity (Volaco et al., 2018). Taken altogether, this data suggests that as
with most medical conditions, obesity is caused by a combination of genetic and
environmental factors and indicates that if someone with a predisposition to obesity is
presented with contributing environmental variables, they are likely to experience weight
gain.
Certain individuals may be more at risk for obesity. The Black and Hispanic
communities in the United States are especially vulnerable to obesity (Byrd et al, 2018).
A study that reviewed obesity data from 2015-2016 displayed that black men and women
have an obesity prevalence of 54.8% and 36.9%, respectively, whereas Hispanic men and
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women have a prevalence of 43.1% and 50.6% (Hales et al., 2017). These rates are much
higher compared to non-Hispanic white men and women at 14.8% and 38.0%. There are
many contributing factors, such as lower high school graduation rates, higher rates of
unemployment, higher levels of food insecurity, greater access to poor quality foods, less
access to convenient places for physical activity, targeted marketing of unhealthy foods,
and poor access to health care or referrals to convenient community organizations with
family-management or self-management resources (Denny, 2012; Romieu, 2017). In
2015, the U.S. obesity rate for people with disabilities was 39.9% compared to 25.4% in
people without disability, nationally (Kraus, 2017). Pennsylvania has an even greater
discrepancy than the national average of 14.5%, being between 15.5% and 21.2%.
Therefore, the increased obesity prevalence in Black and Hispanic Americans suggests
that they are more likely to experience disability and obesity, which puts them at an
increased risk of adverse and compounding effects.
Comorbidities and Associated Factors
Numerous comorbidities are associated with obesity, such as nonalcoholic fatty
liver disease, chronic kidney disease, cardiovascular disease, coronary artery disease,
heart failure, hypertension, pre-diabetes, type 2 diabetes, and specific cancers, which can
drastically increase medication and healthcare utilization and the risk of premature
mortality (Abdelaal et al., 2017; Friedman & Andrus, 2012; Heron, 2013; Kahn et al.,
2006; Narbro et al., 2002; Pantalone et al., 2017). Obesity is also strongly correlated with
sociomedical factors,such as chronic stress, sexual dysfunction, family dysfunction, and
pain (Esposito et al., 2008; Hemmingsson, 2018; Heo et al., 2003; van der Valk et al.,
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2018). Notably, obesity is correlated with poorer sleep and a higher occurrence of certain
sleep disorders (Hruby & Hu, 2015).
Obesity and Premature Mortality
Obesity is strongly associated with greater premature mortality rates and the risk
exponentially increases with comorbid conditions such as cardiovascular disease and
cancer (Abdelaal et al., 2017; Berrington de Gonzalez et al., 2010; Prospective Studies
Collaboration et al., 2009). Elevated weight status is associated with an increased risk of
all-cause mortality rate, as well as specific-cause mortality (Berrington de Gonzalez et
al., 2010). With each additional 5 kg/m2 of BMI, the risk of mortality increases at the
following percentages in these groups: 30% for smoking-related mortality; 40% for
vascular mortality; 60% to 120% for diabetic, renal, and hepatic mortality; 10% for
neoplastic mortality; and 20% for respiratory and for all other mortality (Prospective
Studies Collaboration et al., 2009). Translating increased BMI to years, a BMI within a
30-35 kg/m2 range decreases lifespan by 2-4 years; a BMI of 40-45 kg/m2 range reduces
the lifespan by 8-10 years (Prospective Studies Collaboration et al., 2009). Similarly,
mortality rates also increase as BMI classification increases. A meta-analysis and
systematic review found that mortality exponentially increases as weight increases from
Class II to Class III obesity (Flegal et al., 2013). Although overweight and obesity may
improve or worsen over the lifespan, the effects of obesity can have a longitudinal impact
on premature mortality. Normal-weight individuals who were formerly obese, when
compared to individuals who never exceeded a normal weight over a 24-year span, had a
mortality rate of 66.67 per 1,000 person-years, whereas the normal-weight group had a
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mortality rate of 27.93 per 1,000 person-years (Xu et al., 2018). These data signify that
obesity, at any point during the lifespan, adds significant and varied health risks.
Obesity and Executive Functioning
Although the medical risks of obesity are well-documented, obesity is also
associated with a multitude of deficits in cognitive functioning including poorer memory,
fluency and executive functioning (Gunstad et al., 2007; Lokken et al., 2009; Prickett et
al., 2015). One of the most well-studied cognitive functioning concerns in obesity
patients are deficits in executive functioning (Alosco et al., 2014; Blume et al., 2018;
Spitznagel et al., 2013). Executive functioning encompasses cognitive processes that
direct goal-oriented behavior and are carried out by activity within the prefrontal cortex
(Olson & Luciana, 2008; Shimamura, 2000). According to George McCloskey, Ph.D., EF
should be viewed as a set of independent but coordinated processed, rather than a single
construct (Goldstein & Naglieri, 2014). Domains within EF include working memory,
planning, cognitive flexibility, organization, problem-solving, attention, set-shifting,
impulsivity and inhibitory control (Lezak, 1995). Theoretically, EF has been suggested to
have a top-down regulatory role guided by the prefrontal cortex and research suggests
that dysregulation of this process results in less efficient response inhibition and poorer
decision-making (Goghari & MacDonald, 2009; Joseph et al., 2011), cognitive functions
that may guide eating behaviors.
Eating behavior follows the neurocognitive approaches of the reflexive and
reflective dual process models (Alonso-Alonso & Pascual-Leone, 2007; Evans, 2008;
Satpute & Lieberman, 2006). The reflexive system is the “default responder,” meaning
that it initiates and guides our automatic responses when presented with a desirable
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stimulus. This system is linked to the dopamine-responsive neural circuits in the limbic
and paralimbic structures in the brain and responds heavily to immediately rewarding
situations. Recurring and uncontrollable drives can be labeled as impulsivity and a lack of
ability to think, control, and plan (poor executive functioning) and continued responding
of the reflexive system can lead to persistent overeating behavior seen in people with
overweight and obesity (Solanto et al., 2001). The reflexive system is mediated by the
reflective system, which is the process that allows individuals to make controlled and
rational decisions to counteract the reflexive system. It ultimately allows for a
homeostatic balance to occur between our impulses and executive control. Greater
cognitive resources are needed to override the reflexive system since it is involved
executing goal-oriented behavior and inhibiting immediately rewarding actions.
Therefore, the reflective system involves the prefrontal cortex and mediating cortices,
which control executive functioning. Executive functions are necessary to regulate and
inhibit impulsive eating (Guerrieri et al., 2008). A shortfall or repression of the reflective
system would prevent individuals from stopping automatic responses (Joseph et al.,
2011), which would result in increased weight gain over time.
Dual process theory describes potential flaws with inhibitory control in the
overweight and obesity population and is evidenced by studies utilizing
neuropsychological testing. For example, in one study, individuals with obesity displayed
elevated levels of uncontrolled eating and slower performance on inhibitory control and
working memory tasks as measured by the Go/No-Go (GNG) test, Running Memory
Continuous Performance Test (RCMPT) and Standard Continuous Performance Test
from the Automated Neuropsychological Assessment Metrics-4 battery (Calvo et al.,
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2014). Similarly, a study that further analyzed self-regulation and executive functioning
and the prediction of weight loss indicated that individuals with obesity performed more
poorly on measures of general and food-specific inhibitory control, had more perceived
inhibitory and daily problems, and had increased difficulty with working memory
(Dassen et al., 2018). These findings are further congruent with research analyzing the
overweight population, in which general and food-specific inhibition are also impaired
compared to normal-weight controls (Svaldi et al., 2015; Liu et al., 2019). Therefore,
inhibitory control is inversely correlated with BMI, i.e., inhibition would worsen as BMI
increases.
A wider scope of the relationship between obesity and EF has been analyzed by
various studies, taking into account various EF variables. A meta-analysis comparing EF
in overweight and obese individuals to normal weight controls using a multipleregression model found that individuals with obesity performed significantly more poorly
on measures of inhibition, cognitive flexibility, working memory, decision-making,
verbal fluency, and planning, whereas overweight individuals performed significantly
more poorly on inhibition and working memory (Yang et al., 2018). Similarly, a
systematic review that analyzed individual components of EF including cognitive
flexibility, inhibition, working memory, decision-making, planning, and problem-solving,
found congruent differences between the overweight and obese population compared to a
normal weight control group (Favieri et al., 2019). Significant differences were found
between participants with obesity and normal weight individuals on measures of
cognitive flexibility (Trail Making Test, Wisconsin Card Sorting Test, and Switching of
Attention Test), inhibition (Stroop Color-Word Task and the Stop-Signal Task) and
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working memory (Digit Span Test and the N-Back Test). No significant differences were
found on the majority of studies assessing decision-making, planning and problemsolving, although individuals with obesity were more likely to respond to immediately
gratifying and rewarding situations than normal weight individuals. However, opposing
neuropsychological evidence challenges the claim that there are no differences in
decision-making between groups. Several studies that measured decision-making through
the Iowa Gambling Test, Wheel of Fortune Task, and/or Sensitivity to Punishment and
Sensitivity to Reward Questionnaire found that people with obesity made poorer and
riskier decisions than the comparison overweight and normal weight groups (Brogan et
al., 2010; Navas et al., 2016; Rotge et al., 2017). These data indicate that obesity is
associated with various executive functions not limited to impulsivity and inhibitory
control. Some studies have attributed cognitive decline in obesity to co-occurring
variables such as hypertension and cardiovascular concerns; however, others do not show
a strong correlation with comorbidities relating to cognition and suggest that obesity itself
may cause inflammatory activity in the brain and result in EF deficits (Bourassa &
Sbarra, 2017; Lasselin et al., 2016; Yang et al., 2018).
Neuroimaging studies further support the evidence found on neuropsychological
testing measures regarding EF deficits in obesity and inflammatory processes. Magnetic
resonance imaging (MRI) studies indicate inflammation in the orbitofrontal and
prefrontal cortex in obesity, which may impact the brain circuitry that regulates food
intake, the reward circuit, executive control and attention (Carnell et al., 2012; Cazettes et
al., 2011). The prefrontal cortex can be further divided into the ventromedial prefrontal
cortex and the dorsolateral prefrontal cortex, which are related to the anticipation of food
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and decision-making (van Meer et al., 2016). The role of the ventromedial prefrontal
cortex in this process involves the incentive and subjective value of food, whereas the
dorsolateral cortex monitors self-control, anticipation of the reward, and behavioral
consequences. Functional magnetic resonance imaging (fMRI) studies, which is more
specific than standard MRI, suggest that obesity is associated with decreased
orbitofrontal cortex grey and associated white matter volumes in individuals with obesity
compared to a normal weight comparison group. Participants with obesity displayed
decreased global brain connectivity in the ventromedial and ventrolateral prefrontal
cortex, as well as other association regions, as weight increased (García-García et al.,
2013; Makaronidis & Batterham, 2018; Shott et al., 2015), suggesting that monitoring
and controlling responses may be impaired by increased weight gain. Overall, evidence
from neuroimaging studies correlate with the observed EF deficits found in
neuropsychological testing as weight increases.
Sleep Quality and Obesity
Sleep is related to overall health and quality of life and is a basic need for
individuals to function effectively (Cates et al., 2015). At the present, there is no standard
duration of sleep that is optimal (Kitamura et al., 2016). Optimal sleep duration,
therefore, can be defined as the number of hours required to feel well-rested and function
well throughout the day (Chaput et al., 2018). Sleep quality refers to a collection of sleep
descriptors that frequently include total sleep time, time to fall asleep (sleep latency),
daytime sleepiness, disrupted sleeping and awakening at night (Ness & SaksvikLehouillier, 2018; Pilcher et al., 1997). However, there is not a universal construct of
sleep quality and the definition can differ depending upon the source. One of the most
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widely used and available measures to assess sleep quality, the Pittsburgh Sleep Quality
Index (PSQI), defines sleep quality as a combination of the following factors: perceived
sleep quality, sleep latency, sleep duration, habitual sleep deficiency, sleep disturbance,
use of sleeping medication and daytime dysfunction (Buysse et al., 1989).
Obesity prevalence trends have been associated with sleep duration (Hruby et al.,
2016). From 1985 to 2012, American sleep duration decreased by 10–15 minutes in
adults and the number of adults getting less than 6 hours of sleep per night increased from
22.3% to 29.2% (Ford et al., 2015). Concurrently, weight status has also trended upward
during these years (World Health Organization, 2018). Meta-analyses have linked shorter
sleep duration with an increased risk and incidence of obesity, as evidenced by greater
weight circumference and central adiposity among people with shorter sleep durations
(Cappuccio et al, 2008; Sperry et al., 2015; Wu et al., 2014). Shorter sleep durations and
deprivation may have a profound impact on energy and hunger. A systematic review that
analyzed multiple studies suggested that sleep deprivation is related to increased hunger,
increased opportunity to eat, altered thermoregulation and increased fatigue, which leads
to an increase caloric intake and reduced energy expenditure (Capers et al., 2015).
Therefore, a pattern of poor sleep over time may be associated with increased intake and
reduced energy expenditure, increasing the potential for weight gain and obesity.
Physiologically, sleep deprivation is linked to increased ghrelin and suppressed
leptin, which are hormones that regulate metabolism and energy expenditure (Klok et al.,
2007). Leptin is released from fat and binds to receptors in the hypothalamus, which
inhibits appetite and promotes satiety, and translates to limiting food intake. Conversely,
ghrelin is released from the stomach and pancreas and stimulates appetite. Dysregulation
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of these processes may cause overeating behavior as a compensatory mechanism to
regain lost sleep and may increase the activity of neuronal reward pathways (Penev,
2007; St-Onge, 2013). Therefore, the sleep duration component of sleep quality can
promote increased weight status.
Additional sleep quality variables, such as irregular bed and awakening times
(especially late bedtimes), low sleep efficiency (percentage of the sleep interval spent
asleep), and greater sleep variability, are also associated with increased with weight gain
and obesity (Baron et al., 2011; Golley et al., 2013; He et al., 2015; Kobayashi et al.,
2013; Mezick et al., 2014; Patel et al., 2014; Ogilvie et al., 2016; Spruyt et al., 2011).
One of the more common co-occurring sleep disorders is obstructive sleep apnea (OSA),
which is under the broader category of sleep disordered breathing (Dayyat et al., 2007).
OSA is characterized by the airway collapsing or significantly reducing its surface area
during inspiration and limiting oxygen flow into the body. Obesity results in upper
airway constriction due to fat deposits near the upper airway structures creating increased
pressure on areas of the anterior neck and other cervical structures causing the airway to
collapse (Horner et al., 1989; Suratt et al., 1983; White et al., 1985). There is a direct
relationship between OSA severity and higher BMI (Bearpark et al., 1993; Bixler et al.,
2001; Bixler et al., 2005; Durán et al., 2001; Ip et al., 2001; Ip et al., 2004; Kim et al.
2004; Udwadia et al., 2004; Young et al.,1993;), as well as faster development of more
severe OSA with a higher baseline weight and greater weight change, as indicated by
longitudinal studies (Newman et al., 2005; Peppard et al., 2013; Tishler et al., 2003).
Therefore, OSA is clearly correlated with obesity and OSA can be severely exacerbated
when co-occurring with obesity.
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Although no causal relationship has been identified between sleep quality and
obesity, it has been suggested that poor sleep quality may predict obesity and high body
fat mass in adults (Rahe et al., 2015). Further, measures utilizing the PSQI have found
that sleep duration, sleep disturbances, daytime dysfunction and global sleep quality
showed significant associations with overweight or obesity, as well individual
components including sleep latency, sleep disturbances, and daytime dysfunction
correlating with high fat mass (Krističević et al., 2018; Rahe et al., 2015). This inverse
relationship between these sleep quality and BMI (Wang et al., 2019) suggests that
improvements in sleep quality could promote lower BMI and improve overall health.
Sleep Quality and Executive Functioning
Sleep studies conducted in laboratory settings with healthy adults indicate that
sleep is associated with cognitive functions (Driscoll et al., 2008; Lim & Dinges, 2010).
For example, achieving slow-wave sleep (stage 3 and 4 of sleep, otherwise known as
deep sleep) plays a crucial role in cerebral restoration and recovery (Benington & Heller,
1995; Hori et al., 2001; Horne, 1992) and benefits prefrontal cortex functioning, an area
implicated in control of many aspects of EF (Goel et al., 2009; Muzur et al., 2002;
Wilckens, et al., 2012). Poorer sleep is associated with poorer cognitive functioning,
notably impaired EF in adults (Waters & Bucks, 2011). Moreover, poor sleep is
associated with diminished performance on mental flexibility, switching, inhibition,
problem-solving and planning tasks as measured by the Trail Making, Symbol Digit
Modality, Go–No Go, Tower of London, Modiﬁed 6-Element, and Torrance tests (Horne,
1988; Killgore et al., 2008; Nilsson et al., 2005; Stenuit & Kerkhofs, 2008; Van Dongen
et al., 2003; Wimmer et al., 1992). Differences in neuropsychological testing
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performance correlate with localized abnormalities observed in the frontal lobes,
especially the anterior cingulate cortex (Waters & Bucks, 2011).
Sleep continuity, which includes latency to sleep onset, number of awakenings
after sleep onset, total time of wakefulness after sleep onset, and overall sleep efficiency,
overlaps with the PSQI sleep quality construct in many domains (Buysse et al., 1989;
Hall et al., 2020). A study that analyzed sleep continuity and EF (Stroop task, Flanker
task, N-back task, National Adult Reading Test) across the lifespan showed that better
sleep continuity was associated with better working memory and inhibitory control in the
younger age group (n = 59, mean age = 23.05) and better inhibitory control and verbal
fluency in the older age group (n = 53, mean age = 62.68; Wilckens et al., 2014).
Therefore, EF performance would be expected to decline across standardized
testing in individuals with poor sleep. Congruently, self-reported sleep quality, as
measured by qualitative methods and the PSQI, is a predictor of overall cognitive
functioning, as well as specific EF abilities such as set shifting and abstract problemsolving ability (Gildner, 2014; Nebes et al., 2009). Although the relationship between
sleep and EF ability is well-supported, there is some refuting evidence that suggests only
specific sleep variables contribute to lower functioning and cannot be encompassed by a
global score, particularly in younger college age adults (Zavecz et al., 2020). Therefore,
individuals may become more susceptible to the cognitive effects of poor sleep quality
across the lifespan.
One sleep-related factor that is commonly associated with obesity is obstructive
sleep apnea (OSA), a condition that is also associated with EF deficits. In OSA,
intermittent hypoxic events can accompany sleep and breathing disruption and can
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contribute to temporary and lasting cognitive dysfunction due to oxygen deprivation
(Beebe et al., 2003; El-Ad & Lavie, 2005; Malhotra & White, 2002). Notably, EF appears
to be the most affected cognitive domain in OSA, as observed on standardized
neuropsychological measures (working memory, phonological fluency, cognitive
flexibility, and planning; Saunamäki & Jehkonen, 2007). Similarly, a meta-analysis found
that individuals with OSA have significant deficits in attention, vigilance, and global EF,
with a possible explanation being hypoxic events and sleep fragmentation (Romala et al.,
2013). An MRI pediatric study found greater neural recruitment of regions implicated in
cognitive control, conflict monitoring, and attentional allocation in children with sleep
apnea in order to perform at the same capacity as non-OSA patients (Kheirandish-Gozal
et al., 2014), which potentially shows the effect hypoxic events can have on neurological
functioning. A second meta-analysis of OSA that categorized EF into five domains
(shifting, updating, inhibition, word generativity, and fluid reasoning) showed each of
these areas to be negatively impacted by OSA (Olaithe & Bucks, 2013). Using
continuous positive airway pressure (CPAP) treatment may improve EF domains such as
cognitive flexibility, speed and planning due to increased oxygen flow posttreatment
(Saunamäki & Jehkonen, 2007; Romala et al., 2013).
Another variable of sleep quality is nonrestorative sleep, which is associated with
short sleep duration is related to obesity (Vgontzas et al, 2014). Nonrestorative sleep is
defined as sleep that does not lead to a feeling of being refreshed, is similarly associated
with poorer performance on behaviorally assessed EF, perceived EF difficulties, and
reported daytime dysfunction (defined as perceptions of cognitive and EF difficulties)
(Tinajero et al., 2018). Other studies have characterized daytime dysfunction as including
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significant daytime fatigue, sleepiness, and decreased work productivity (Maurice, 2005;
Roth et al., 2010). Therefore, even in the absence of a diagnosed sleep disorder,
diminished sleep quality itself can negatively impact EF abilities.
Vigilance Hypothesis Model
The relationship between sleep quality, EF and obesity requires further study.
Theoretically, there are many possible explanations for why cognitive functioning,
notably EF ability, is diminished in individuals with poor sleep and further, compounded
by obesity. One theory is the vigilance hypothesis model, which attributes poorer
functioning to the interaction between the need for sleep and internal biological clocks,
causing fluctuating levels of arousal, which in turn lessens neural and cognitive
performance (Doran et al., 2001; Williams, 1959). Another suggested possibility, but
similar to the vigilance hypothesis model is that sleep uniquely impacts the efficiency of
prefrontal cortex functioning focally and produces temporary changes in cerebral
metabolism and causes changes in cognition consistent with mild executive dysfunction
(Killgore et al., 2008). Obesity-related inflammation may compound these deficits. Both
views may equally impact and compound EF deficits, in which fluctuating levels of
arousal could exacerbate the effect of sleep on the prefrontal cortex, which controls selfregulation, executive control, attention and decision-making (Carnell et al., 2012;
Cazettes et al., 2011; van Meer et al., 2016). However, it cannot be discounted that
hypoxic events may lead to lasting changes in the brain in sleep-related breathing
disorders, in which cognitive functioning would be permanently impaired (Beebe et al.,
2003; El-Ad & Lavie, 2005; Malhotra & White, 2002). Obesity and sleep-related deficits
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both have a profound impact on EF, and it can be assumed that both can compound EF
deficits when presenting together.
Obesity, Executive Functioning, and Sleep
Several studies have evaluated the relationship between sleep, obesity and EF
together (Tee et al., 2018); however, minimal studies have analyzed these variables in
adults and have primarily focused on the pediatric and adolescent population.
Nonetheless, some studies have included an older population. One such study found that
poorer sleep quality (as measured by the PSQI) is associated with higher weight status
and is associated with greater hunger and disinhibited eating behavior (Blumfield et al.,
2018). The results found that disinhibited eating mediated the relationship between sleep
quality and weight status in both males and females. Implications of the study suggest
that sleep impairment is related to a higher drive for exciting rewards, and when paired
with high executive disinhibition, food seeking behavior and weight increases. A
pediatric study suggested that sleep quality can also act as a mediator to EF deficits in
obesity (Pearce et al., 2018). Furthermore, as an individual’s sleep quality declines, their
ability to control impulses and cravings becomes impaired, which in turn creates the
inability to consider long-term consequences of overeating behavior. The continued focus
on short-term satisfaction and rewards over time results in increased weight gain.
However, considering that both disinhibition and sleep quality are potential mediators, a
bidirectional relationship between all three variables is confirmed.
Another study that analyzed neurocognitive functioning in chronically sleepdeprived adults found that cognitive ability improved as sleep quality increased across
two separated neuropsychological examinations (Lucassen et al., 2014). Baseline results
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showed that initially memory was impaired in 33%, attention in 36%, motor skills in
42%, and EF in 51% of the individuals assessed. The EF measures given included the
Wisconsin Card Sorting Test, Trail Making Test, Iowa Gambling Task, and Verbal
Fluency FAS. With a 24% increase in subjective sleep quality, 11% increase in selfreported sleep duration by the PSQI and a 4% improvement in sleep diary recordings,
cognitive functioning improved by 7% on attention measures, 10% on memory measures
and 5% to 7% on EF measures. This suggests that if poor sleep can be remediated, some
neurocognitive deficits are partially reversible with targeted nonpharmacological sleep
interventions, in which people would see meaningful improvements in cognition and
daily functioning. Targeting specific obesity-related risk factors such as poor sleep may
lead to better treatment strategies that promote increased overall health (Gunstad et al.,
2020).
OSA in relation to EF and obesity has also been implicated in research analyzing
all three variables, specifically in how potential treatment of OSA impacts cognition.
Research looking at how cognitive flexibility skills change in adults with obesity
undergoing continuous positive airway pressure treatment as measured by the Trail
Making Test found that cognitive flexibility significantly improved from baseline to 12month follow-up (Hilsendager et al., 2016). The results indicate that OSA has the
potential to impact EF ability, but that treatment can be effective if appropriately utilized,
which further supports the importance of addressing sleep variables in treatment to
improve EF ability. In addition, study authors indicated that using interventions that focus
on weight loss may be beneficial in improving cognitive ability.
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Pediatric and adolescent research has further supported the few studies conducted
in the adult population. Researchers evaluating neurobehavioral functioning in
adolescents with and without obesity and with OSA hypothesized that adolescents with
obesity and OSA would exhibit more neurobehavioral abnormalities, including
internalizing problems with control of emotions, social withdrawal and feelings of
worthlessness or inferiority and externalizing problems with interpersonal relationships,
rule breaking, irritability and belligerence, than obese and lean adolescents without OSA
(Xanthopoulos et al., 2015). Neurobehavioral symptoms were defined in the study as
problem solving, information processing, judgment, emotion regulation, and abstract
reasoning skills. Results found that adolescents with both OSA and obesity displayed
impaired EF and diminished behavioral functioning (depression and anxiety) compared to
obese and lean controls without OSA. Additionally, adolescents with both OSA and
obesity were more likely to score in the clinically abnormal range on measures of
neurobehavioral functioning meaning poorer attention, parent-reported externalizing
behaviors, and on executive functioning and metacognition. Further, the study’s authors
suggested that if untreated, neurobehavioral deficits could persist through adulthood,
indicating that there could be longitudinal consequences to not partaking in treatment.
Similarly, Mietchen et al. (2016) evaluated parent-reported deficits in executive
function and sleep-disordered breathing in participants of a pediatric weight loss
program. Researchers hypothesized that participants at risk for sleep-disordered breathing
based on greater weight status would have greater deficits in executive functioning
compared to adolescents not at risk for sleep-disordered breathing. Additionally, the
study’s authors hypothesized that executive functioning would be associated with weight
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change over time. As expected, significant correlations between sleep-disordered
breathing and EF were found, as well as significant differences in EF between
adolescents classified as at risk or not at risk for sleep-disordered breathing on parentreport forms. Along with executive dysfunction and poorer sleep-health, many children
with obesity also have accompanying internalizing psychopathology, which too
negatively affects EF (Pearce et al., 2018). These studies indicate that although obesity
can solely cause cognitive deficits, it is exacerbated by comorbid conditions, which is
commonplace in this population (Abdelaal et al., 2017; Friedman & Andrus, 2012;
Heron, 2013; Kahn et al., 2006; Narbro et al., 2002; Pantalone et al., 2017). Considering
how comorbidities worsen cognitive functioning difficulty, it would be a disservice to
consumers if each variable was not addressed during treatment. Therefore, considering
that obesity, EF, and sleep are so interrelated and impact one another significantly (Tee et
al., 2018), it would be beneficial to treatment outcomes if all variables were treated when
someone presents with sleep, weight, and/or EF difficulty. The current study will provide
meaningful information regarding treatment implications, as well as adding to the limited
literature in the adult population.
Impact on Vocational Performance and Vocational Rehabilitation
Given the substantial body of literature on obesity and sleep on EF, it is not
surprising that these factors also contribute to occupational performance and functioning.
Increased weight carries some inherent risks in the workplace (Nakamura et al., 1997;
Schulte et al., 2007). Higher body weight increases the chance of absenteeism, which
describes sick days and temporary work loss (sick leave), as well as presenteeism, which
is reduced productivity due to extraneous factors like pain (Goettler et al., 2017).
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Compared to normal weight workers, workers with overweight or obesity were 25% to
68% more likely to experience work-related injuries (Gu et al., 2016). Within BMI
weight categories, 27% of injuries occurred among workers in the normal range, 38% in
the overweight range, 21% in the obese I range, and 14% in the obese II range. The
overall prevalence of injury by BMI category per 10,000 workers was 58.6 for the normal
weight group, 79.9 for the overweight group, 93.8 for obese I group, and 111.4 for obese
II group, displaying that as BMI increases, risk of injury is substantially greater. This
contributes to an increased likelihood of permanent work loss due to potential disability
or an injury causing many work absences (Goettler et al., 2017; Gu et al., 2016). In
addition, obesity may even increase the risk of certain occupational diseases or conditions
such as musculoskeletal disorders, cardiovascular disease, asthma, vibration-induced
injury, and may modify physiological responses to neurotoxins and immune responses to
disease (Schulte et al., 2007), displaying that the various obesity comorbidities compound
the impact on work-related functioning and potential injury and/or disability.
Although weight is a problem in the general workforce, the type of job someone
has plays a significant role on weight and lifestyle factors, in which service and bluecollar workers are likely to have a higher BMI than white-collar workers (Gans et al.,
2015). Similarly, the highest rate of work productivity impairment, the greatest indirect
costs and the greater overall burden due to obesity are in blue-collar and service jobs such
as construction, agriculture and hospitality, with the highest obesity rates occurring in
protective service professions (Kudel et al., 2018). In addition to job type, long hours and
physical activity at work are a strong predictor of an increased risk of obesity (Cook &
Gazmararian, 2018; Kim et al, 2016;, as are workers perceiving night/rotating shifts,
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working multiple jobs, job-related stress/anxiety, feelings of powerlessness at work, and
job inflexibility as barriers to eating well and participating in leisurely physical activity
(Nobrega et al., 2016). These data indicate an increased risk of obesity with lower paying
occupations and that many variables within these jobs exacerbate the problem. Therefore,
it is likely that obesity in blue collar and service jobs contribute to many of the reported
work-related injuries in the literature and contribute to higher healthcare costs, as well as
high costs ($470,000 for obese, $270,000 for overweight, $180,000 for normal-weight
workers) related to workers compensation claims for serious injuries (Schmier et al.,
2006; Tao et al., 2016). Overall, obesity can have a drastic impact on occupational
accountability, consistency and success.
Poor sleep, such as insomnia or OSA, is also associated with problems at work
(Bültmann et al., 2013; Sivertsen et al., 2013). Difficulty sleeping negatively impacts
work attendance, work performance, and healthcare costs even at a sub-clinical level (Hui
& Grandner, 2015). The study by Hui and Grandner (2015) found that increased sleep
disturbances were correlated with more full day or partial day absenteeism and poorly
perceived work performance. In addition, the study was conducted over the course of two
years; therefore, sleep difficulty could be observed longitudinally. Over that span,
individuals that experienced worsened sleep disturbance showed further absenteeism,
worsened work productivity, and increased health care costs from the initial baseline
measurement. All workers can potentially have sleep difficulties, however, atypical shift
workers (outside typical 9 a.m. to 5 p.m. schedule) are especially vulnerable to disordered
sleep due to disrupted circadian rhythms, and can experience associated anxiety,
depression, poor physical and mental health, and lowered quality of life (Ball et al., 2016;
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Jehan et al., 2017). Poor sleep quality and sleep disorders also may impair short- and
long-term health and safety on the job and are common in workers that inhibit their
typical rest patterns when tired and alter their biorhythms due to restricting work
environments (Magnavita & Garbarino, 2017). Some short-term consequences of sleep
disruption include increased stress responsivity, somatic pain, reduced quality of life,
emotional distress and mood disorders, poorer cognitive ability, and performance deficits
as (Medic et al., 2017). Long-term concerns were related to hypertension, dyslipidemia,
cardiovascular disease, weight-related issues, metabolic syndrome, type 2 diabetes
mellitus, and colorectal cancer. Therefore, both poor sleep and excess weight can have a
profound negative impact on work, as well as producing EF deficits (Favieri et al., 2019;
Yang et al., 2018), which could further complicate occupational functioning.
Notably, impairment of EF related to sleep may alter effective work performance
and ability to work (Silva et al., 2000). For example, the cognitive performance of an
individual who has been awake for 17 to 19 hours straight is equivalent to someone who
has a blood alcohol concentration of 0.05% (Williamson & Feyer, 2000). Irregular work
hours or persistent difficulty sleeping can create many opportunities for this situation to
occur, in which someone is performing well below their usual ability. Research supports
the claim that obesity reduces EF performance, which significantly limits someone’s
ability to function and accomplish tasks in the workplace (Nigatu et al., 2016). Further,
an occupational neuropsychology study indicated that sleep deprivation results in
significant impairments in cognitive functioning, such as EF, attention, concentration,
and motor performance (Caixeta et al., 2012). Burnout, which describes emotional
exhaustion, physical fatigue, and cognitive weariness, can lead to permanent cognitive
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deficits and is a byproduct of sleep deprivation among other factors (Schaufeli & Buunk,
2003). Based on the research, obesity, sleep and EF are strongly correlated to
occupational performance. Therefore, analyzing obesity, sleep and EF in the work
population is relevant to potential outcomes, as well as promoting strategies to improve
the chance of positive occupational functioning.
Vocational rehabilitation is commonly associated with work-related disability or
injury (Dutta et al., 2008). The U.S. state-federal rehabilitation service program plays a
crucial role in helping people with disabilities obtain and retain employment (U.S.
Government Accountability Office, 2005). The Department of Labor and Industry in
Pennsylvania (2019) defines adult disability as someone that must be unable to do any
substantial work because of their medical condition(s); and their medical condition(s)
must have lasted, or is expected to last, at least 1 year, or be expected to result in death.
The Office of Vocation Rehabilitation (OVR), which acts as Pennsylvania’s state-federal
rehabilitation service program, provides vocational rehabilitation services to help persons
with disabilities prepare for, obtain, or maintain employment (Department of Labor and
Industry in Pennsylvania, 2019). They provide individualized services to eligible
individuals with disabilities, often resulting in a neuropsychological evaluation to
determine cognitive functioning pertaining to employment in brain injury patients. The
OVR counselor coordinates this in conjunction with vocational goals and connects clients
with service providers. An IPE is developed, outlining a vocational objective, services,
providers and responsibilities.
From an overall perspective, EF has been shown to be important to vocational
success and outcomes (Struchen et al., 2008; Yeates et al., 2016). Studies suggest that
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executive dysfunction is associated with various negative vocational outcomes, including
demotion or declines in job status and unemployment (Crepeau and Sherzer, 1993; Nybo
et al., 2004; Vilkki et al., 1994). Similarly, diminished productivity at work is associated
with EF skills such as planning and self-monitoring in post-stroke patients (Ownsworth &
Shum, 2008), further displays the impact executive functioning has on the workplace.
Previous research has shown that major barriers of return to work include
neurobehavioral impairments (disinhibition, impulsivity, decreased initiation) and
executive functioning deficits (impaired goal setting, task monitoring, attention) in brain
injury patients and can significantly affect job performance and adjustment in the
workplace following the injury (Dikmen et al., 1994). These barriers potentially limit the
capacity to successfully return to work and are often coupled many co-morbidities.
Traumatic brain injury (TBI), a diagnosis commonly referred for vocational rehabilitation
services, is defined as an alteration in brain function, or other evidence of brain
pathology, caused by an external force creates cognitive barriers (Menon et al., 2010).
Predictive variables, such as amount of time worked, in are directly related to brain injury
severity, neuropsychological functioning at l-month postinjury, and work stability and
earnings before the injury (Machamer et al., 2005). In addition, the ability to maintain
continued employment relates to premorbid functioning and neuropsychological
functioning at 1-month postinjury, suggesting that higher premorbid functioning may
offset some of the deficits based on the severity of injury. A longitudinal study over a 10year span found that individuals who experience a moderate to severe TBI are less likely
to be competitively employed up to 10 years postinjury compared to orthopedic injuries
(Dahm & Ponsford, 2015). In addition, obtaining and maintaining employment is also a
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problem many people with disability experience, which is not exclusive to TBI. For
example, even with legislation, many employers have concerns about hiring workers with
a disability including the qualifications of applicants, the cost of accommodations, job
performance concerns, and the occupational health and safety behaviors of workers with
disabilities (Bonaccio et al., 2020). However, studies have contradicted these concerns
and indicated that workers with disability have no differences in performance or need for
supervision compared to workers without a disability (Hernandez & McDonald, 2007;
Kaletta et al., 2012). These studies suggest that vocational rehabilitation services that
address these concerns could improve the chances of successful return to and
maintenance of work.
To date, limited research has assessed the relationship between EF and vocational
interest. A study of EF found poorer overall metacognitive control as measured by the
Behavior Rating Index of Executive Function to be associated with lower levels of
identity achievement, which is predictive of career specificity (Welsh & Schmitt-Wilson,
2013). Metacognition is defined as the ability to think about one’s current cognitive
processes (Flavell, 1976). Further, the components of metacognition (decision-making,
working memory, planning/organization, organization of materials, task completion,
learning and memory) play a role in top-down regulation and are significantly related to
commitment and exploration of occupational choice (Ariel et al., 2009; Metcalfe, 2002;
Son & Metcalfe, 2000; Welsh & Schmitt-Wilson, 2013). In addition, self-efficacy, which
is defined as an individual’s beliefs about their capability to successfully carry out a
variety of tasks relating to decision making, is positively related to sound decision-
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making in vocation and negatively related to undefined career thoughts (Bullock-Yowell
et al., 2012; García-García et al, 2.009; Taylor & Betz, 1983).
There are many different models of rehabilitation used to help these individuals
return to work. The OVR primarily uses a resource facilitation-based model, which helps
individuals obtain information, services and supports to make informed choices and meet
their goals (Brain Injury Association Inc., 2001). It is a collaborative process in which the
individuals with the brain injury and their personal support systems work with
facilitators, known as OVR counselors, who provide assistance in obtaining resources
and services, to achieve vocational goals. The current outcomes of the resource
facilitation model are a success rate of 74% of participants with mild disability, 65% of
participants with moderate disability, and 48% of participants with severe disability
(Trexler & Parrott, 2018). The overall return to work rate in this study was 69% and was
better than that of other literature being around a 40% success rate. Although this study
may show better outcomes than previous studies, there is still significant room for
improvement.
Executive dysfunction in vocational rehabilitation is an observed barrier (Dikmen,
et al., 1994). Additionally, meta-analyses have revealed that the risk of work-related
accidents more than double in OSA patients and approximately 13% of work injuries
could be attributed to sleep problems (Garbarino et al., 2016; Uehli et al., 2014).
Therefore, sleep difficulties coupled with a TBI could produce decreased outcomes and
displays that co-treatment of sleep disorders are also important in returning to work in a
safe manner. Obesity-related guidance is described as sparse and weak in the hospital
rehabilitation population (Seida et al., 2018). Specifically, there are currently no
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guidelines for rehabilitating patients with concurrent obesity concerns and comparative
studies on rehabilitation programs are needed. Because the majority of the current
research does not focus on the treatment of these three comorbidities, it can be assumed
that outcomes would worsen considering the effect each of these have on EF. Therefore,
examining their EF in relation to these issues may be important to develop new
interventions and help OVR clients succeed.
To date, research on obesity, sleep quality, and EF is limited, particularly in
vocational rehabilitation populations. Therefore, the current study assessed the
relationship between BMI, sleep quality, EF in adults seeking neuropsychological
evaluation for vocational rehabilitation. Findings from the study informed additional
treatment considerations regarding the vocational rehabilitation process, as well as
recommendations following neuropsychological evaluations when accounting for sleep
and obesity.
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Chapter 3: Method
The purpose of the present study was to explore the association between weight
status, sleep quality and executive functioning in patients presenting for vocational
rehabilitation evaluation. This archival, retrospective study utilized clinical chart data
from an outpatient psychological services clinic located in a major metropolitan area that
conducted vocational rehabilitation evaluations. This study aimed to determine the
relationship between sleep quality (perceived sleep quality, sleep latency, sleep duration,
habitual sleep deficiency, sleep disturbance, use of sleeping medication and daytime
dysfunction) (Buysse et al., 1989), and weight status (BMI) on executive functioning (EF,
cognitive flexibility, task switching, abstract reasoning, impulsivity/inhibition and
working memory), in vocational rehabilitation patients seeking return to work. Further,
this study assessed how BMI impacted sleep quality. Secondarily, regression was
conducted to determine how EF related to vocational interests.
Participants
Adults presenting for a neuropsychological vocational rehabilitation evaluation
were selected from archival medical record data. Participants were referred from the
Office of Vocational Rehabilitation for comprehensive evaluation that would help
determine potential treatment and plan for return to work. All participants signed a
HIPAA form before the vocational evaluation.
Inclusion and Exclusion Criteria
In order to be included in the study, participants:
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1. Completed a comprehensive neuropsychological evaluation that included the
designated intelligence, executive functioning, sleep quality, and/or vocational
measures, as well as self-reported data to calculate BMI.
2. Been referred by the Office of Vocational Rehabilitation with the goal of
obtaining or regaining employment.
3. Were between the ages of 18 and 67 years at the time of evaluation, to reflect
typical employment ages
4.

Were predominantly English speaking or used an interpreter.

Exclusion Criteria
Participants were excluded if they had a documented diagnosis of severe
intellectual disability or a progressive neurological condition, in which continued
cognitive decline would be expected, and their employability would be limited.
Screening and Recruitment
Participants in the study were selected from archival data at an urban outpatient
training clinic. They were screened by reviewing records and determining whether they
were referred from the OVR, within the required age range, and completed measures that
could be included in analyses. If they met these requirements, the participants were
included in the current sample. Participants were excluded if they had a severe
intellectual disability or neurodegenerative condition seen in the diagnoses portion of the
neuropsychological report.
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Measures
Demographics
The study included participant age, race/ethnicity, biological sex, education level,
referring concern(s), psychological conditions and medical conditions. An analysis was
conducted to determine whether these variables related to weight status (BMI), EF scores,
and overall sleep quality. The EF scores analyzed consisted of a global EF, inhibition,
cognitive flexibility and concept formation, set shifting, abstract verbal reasoning, and
nonverbal reasoning scores.
Norms
The descriptors used to describe the test scores in the study are the uniform labels that
were suggested by the American Academy of Clinical Neuropsychology: exceptionally
low, below average, low average, average, high average, above average, and
exceptionally high (Guilmette et al., 2020).
Standardized Measures
The Pittsburgh Sleep Quality Index (PSQI; Buysse et al., 1989) is a 19-item selfreport measure of overall sleep quality in clinical populations. Sleep quality is divided
into seven subcategories: subjective sleep quality, sleep latency, sleep duration, habitual
sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction,
each of which yield seven component scores weighted equally on a 0-3 scale, higher
scores indicating greater sleep difficulty. These seven component scores are totaled
together to yield a global PSQI score between the range of 0-21, in which higher scores
indicate greater sleep difficulty. Five additional questions rated by the respondent’s
roommate or bed partner are included for clinical purposes and are not scored. Test-takers
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are asked to mark how frequently they experience the specified sleep difficulties over the
past month and to rate their overall sleep quality. The PSQI requires a pencil or pen and
takes between 5-10 minutes to complete. The psychometric developers’ initial analysis of
the instrument was conducted with individuals aged 24-83 years and has been validated
with a variety of clinical populations from the beginning of adulthood through older
adulthood, including patients with major depressive disorder, disorders of initiating and
maintaining sleep, disorders of excessive somnolence, cancer, and fibromyalgia
(Backhaus et al., 2002; Buysse, 1989; de la Vega et al., 2015; Dudley, 2004; Osorio et al.,
2006). Reliability and validity studies found an internal reliability of α = .83, a test–retest
reliability of .85 for the global scale, a sensitivity of 89.6%, and a specificity of 86.5%
(Buysse et al, 1989).
Body mass index (BMI, kg/m2) is a measure for indicating weight status in adults.
It is defined as a person’s weight in kilograms divided by the square of the person’s
height in meters (kg/m2; World Health Organization Europe, 2020). For adults 20 years
old and older, BMI is categorized as: underweight (Below 18.5), normal weight (18.5–
24.9), preobesity/overweight (25.0–29.9), obesity class I (30.0–34.9), obesity class II
(35.0-39.9), and obesity class III (above 40). For individuals under 20 years of age the
ratio between weight and height varies with sex and age and are thus categorized in an
age- and gender-specific manner. Therefore, from ages 5-19 years, overweight is defined
as a BMI-for-age value over one standard deviation and obesity is BMI-for-age value
over two standard deviations.
The Booklet Category Test, Second Edition (BCT; DeFilippis & McCampbell,
1997) is a neuropsychological measure of executive functioning that assesses cognitive
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flexibility, concept formation and problem-solving abstract concepts. Executive
functioning relies heavily on skills involving cognitive flexibility and learning abstract
concepts through feedback and applying them to novel stimuli (DeFilippis & Campbell,
1997; Minassian et al., 2003; Rabin et al., 2016). The test consists of 208 visually
presented items and is divided into seven subtests (Lezak et al., 2012). Individuals have
to match the visually presented information to roman numerals between one and four.
The first six trials are organized by specific principles that ask the examinee to respond
based on the identified pattern within the trial (DeFilippis & Campbell, 1997). The
examinee receives feedback after each response on whether they were correct or
incorrect. Following each of the first five trials, the test-taker is told that the theme in the
next subtest may be the same or different and that it is their task to figure it out. The
seventh and final trial tests the individual’s recall of themes present through the
preceding trials. Raw scores are determined from the total number of errors across the
subtests and an overall T-score is derived from Halstead-Reitan norms (Heaton et al.,
2004). The reliability coefficients with impaired groups tend to increase as the examinees'
performance worsens (r = .72 for schizophrenics, .82–.96 with brain damage). Split-half
reliability has been consistently reported at .90 or above (Kilpatrick, 1970; Klonoff et al.,
1970; Moses, 1985; Shaw, 1966). From a clinical validity standpoint, the BCT has great
sensitivity to brain dysfunction but low specificity on what is causing the dysfunction
implicitly (Choca et al., 1997).
The Trail-Making Test (TMT; Reitan, 1958) is a measure of scanning and
visuomotor tracking, divided attention and set shifting; however, is commonly
categorized as an executive functioning measure (Lezak et al., 2012). The test is divided
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into parts A and B. On Part A, the individual must first draw lines with a pencil
connecting 25 numbered circles in ascending order that are distributed on a page. Part A
tests visual scanning, numeric sequencing, and visuomotor speed. Part B asks the
examinee to alternate between numbers and letters in ascending order up to number 13.
Part B tests cognitive demands including visual motor, visual scanning, and set-shifting
abilities. Each portion of the measure is timed, and participants are told to connect the
numbered circles as fast as they can without lifting their pencil off the paper. This
measure can be given to persons from the ages of 15 to 89. Scores for both TMT A and B
are reported as the number of seconds required to complete the task. The initial time
score is then compared to age, race (i.e., Caucasian and African American), gender, and
education levels norms established by Halstead and Reitan (Heaton et al., 2004).
Generally, longer completion times indicate greater impairment. Set-loss errors, which
involve not correctly switching between numbers and letters in sequential order, can give
qualitative data regarding mental flexibility even though not included in standardized
scoring. Research on the TMT has shown adequate test-retest reliability for Part A (r =
.79) and high test-retest reliability for Part B (r = .89) in a large sample of individuals
aged 15-83-years over an 11-month period (Dikmen et al., 1999). Inter-rater reliability
was found to be adequate (rPartA = .94; rPartb = .90; Fals-Stewart, 1992). Construct validity
measures have shown that Part A requires mainly visuoperceptual abilities, whereas
TMT-B tasks working memory and set-switching ability, and the combination between
the two provides a good indicator of executive abilities (Sánchez-Cubillo, 2009).
The Behavior Rating Inventory of Executive Function, Adults (BRIEF-A; Roth et
al., 2005a). The BRIEF-A is a standardized rating scale that analyzes everyday behaviors
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associated with specific domains of the executive functioning in adults (Roth et al.,
2005b). The BRIEF-A primarily serves as a tool to assess for executive dysfunction and
provides a level of ecological validity to standardized laboratory and/or clinic-based
assessments. It is also an indicator of an individuals’ awareness of their own selfregulatory functioning. It can be given to individuals between the ages of 18 and 90 and
takes around 10-15 minutes to complete. The BRIEF-A consists of 75 items in nine
nonoverlapping scales which include the following base domains: Inhibit, Shift,
Emotional Control, Self-Monitor, Initiate, Working Memory, Plan/Organize, Task
Monitor, and Organization of Materials. These can be divided into two larger domains,
the Behavioral Regulation Index (BRI) (Inhibit, Shift, Emotional Control, and SelfMonitor) and the Metacognition Index (MI) (Initiate, Working Memory, Plan/Organize,
Task Monitor, and Organization of Materials) (Roth et al., 2005b). All of the scales can
be compiled to create a global score known as the Global Executive Composite (GEC).
For individual items, participants have to mark how much each item applied to them on a
3-point Likert scale, with the choices being never, sometimes, or often. The BRIEF-A
also has three validity scales, Negativity, Infrequency, and Inconsistency, to determine
whether the reported information is accurate. Internal consistency for the Self-Report
normative sample was moderate to high (αrange = .73-.90 for clinical scales; .93-.96 for
indexes and GEC) and high for the Informant Report normative sample (αrange = .80-.93
for clinical scales; .95-.98 for indices and GEC) (Roth et al., 2005a, 2005b). Test-retest
reliability of the clinical scales ranged from .82-.93 for the Self-Report Form (n = .50)
and .91-.94 for the Informant Report Form (n = .44). Good construct validity is
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demonstrated and has been shown to accurately represent EF in clinical populations such
as ADHD, multiple sclerosis, and traumatic brain injury.
The Wechsler Adult Intelligence Scale, Fourth Edition: Similarities and Matrix
Reasoning (WAIS-IV; Wechsler, 2008b) is an individually administered clinical tool to
measure general intelligence through a series of mental tasks. It can be given to
individuals between the age ranges of 16:0 and 90:11 years age. The test consists of 10
core subtests and 5 supplementary subtests. These are categorized by four index scales:
Verbal Comprehension, Perceptual Reasoning, Working Memory, and Processing Speed
indices. The 10 core subtests are totaled together to obtain an overall intelligence score
known as the Full-Scale Intelligence Quotient (FSIQ). The two-subtest used in this study
include Similarities and Matrix Reasoning, which are part of the Verbal Comprehension
and Perceptual Reasoning indices, respectively. For the Similarities subtest, the examinee
is presented two words that represent common objects or concepts, and they have to
explain to the examiner how they are similar to one another. This task requires the
following cognitive skills: crystallized intelligence, abstract reasoning, auditory
comprehension, memory, associative and categorical thinking, distinctive reasoning and
verbal expression (Groth-Marnat, 2003; Kaufman & Lichtenberger, 1999, 2006; Sattler,
2008). The Matrix Reasoning task requires the participant to view an incomplete series of
stimuli and select the correct user among various choices. It primarily involves fluid
intelligence, visual intelligence, concept formation, spatial ability, and perceptual
organization. For the purposes of the study, abstract reasoning and visual reasoning was
analyzed as components of EF. The subtest scores are tallied by Raw Score per item
(Wechsler, 2008a). The total is then converted to a Scaled Score using conversion tables.
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The WAIS-IV has good test-retest reliability for all ages for FSIQ (r = .96), Similarities
(r = .870 and Matrix Reasoning (r = .74; Wechsler, 2008b). Internal consistency is also
acceptable for FSIQ (r = .98), Similarities (r = .87), and Matrix Reasoning (r = .90). The
WAIS-IV also shows good validity including those who have experienced a TBI.
The Strong Interest Inventory (STRONG; Hansen, 2000 is a 291-item instrument
used to assess vocational interests of college-age and adult populations. It is primarily
used in vocational-related decision-making (Blackwell & Case, 2008). This inventory
measures interests in four broad categories including General Occupational Themes
(GOTs), Basic Interest Scales, Personal Style Scales, and Occupational Scales. The
primary scale used for the current study is the GOTs, which is divided into six 6 basic
categories: Realistic, Investigative, Artistic, Social, Enterprising, and Conventional
(RIASEC; Holland, 1959). A standard score of 50 or above denotes a well-defined
vocational interest in the present study. The current norm sample for the Strong consists
of 2,250 individuals (50% men, 50% women) and has been found to be generally
representative of the racial and ethnic makeup of the U.S. workforce (Donnay et al.,
2005). The STRONG GOT scale shows good internal consistency reliabilities, with a
range from .90 to .95 and has been found to be predictive of work-related variables
(Donnay & Borgen, 1996; Rottinghaus et al., 2002). For the current study, a well-defined
vocational interest on the STRONG included any interest standard score of 50 or above,
whereas undefined vocational interests was defined a score less than 50.
The Career Occupational Preference System Interest Inventory (COPS; Knapp &
Knapp, 1982) is a 168-item measure of vocational interests, in which adults respond to
these items according to their degree of like or dislike on a 4-point scale from like very
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much to dislike very much (Knapp et al., 1985). The scores are divided into 14 broad
categories including Science-Professional, Science-Skilled, Technology-Professional,
Technology-Skilled, Consumer Economics, Outdoor, Business-Professional, BusinessSkilled, Clerical, Communication, Arts-Professional, Arts-Skilled, Service-Professional,
and Service-Skilled (Knapp et al., 1990). A cutoff of 50 or greater signifies a welldeveloped vocational interest and was aligned with the established cutoff score on the
STRONG. The norms of the COPS are based on samples of high school and college
students throughout the United States, which are updated every 2 to 5 years. The COPS
has shown to be with a reliable measure with alpha reliability coefficients from .86 to .92
(Knapp et al., 1985). The COPS has also shown validity through studies demonstrating
that 64% of students 1 to 7 years after test administration were in a job or college major
that matched one of their three highest interest areas. For the current study, a well-defined
vocational interest on the COPS included any interest percentile score of 50 or above,
whereas undefined vocational interests was considered any score below 50 k.
Procedures
Study procedures were approved by the Institutional Review Board (IRB No.
H20-028X) at the Philadelphia College of Osteopathic Medicine. Archival medical
record data were collected based on the inclusion and exclusion criteria and recorded in a
password-protected SPSS workbook. No identifiable information was collected.
Moreover, the rules of HIPAA were followed to ensure privacy of patient information.
Data recorded were collected from completed neuropsychological evaluations
referred by the Office of Vocational Rehabilitation starting in October of 2018 through
February 2021. The neuropsychological evaluations were performed by doctoral
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neuropsychology practicum students and interns under the supervision of a clinical
neuropsychologist. The evaluations were conducted over the course of 1 day or spread
over 2 days for approximately 5 hours, in which examinees completed a full
neuropsychological battery assessing several areas of cognitive and psychosocial
functioning. A clinical interview and feedback session were also part of the services.
Measures of executive functioning, sleep quality and BMI, which are standard in the
vocational neuropsychological evaluation, were used in the present study. Each
participant had to sign an initial consent form to participate in the evaluation. As part of
the evaluation, participants were asked to give their height and weight so BMI could be
computed. The Booklet Category Test (BCT), Trail Making Test (TMT), and Wechsler
Adult Intelligence Scale, Fourth Edition (WAIS-IV) are standardized measures and were
given as part of the order of tests in paper format. Participants either filled out the Strong
Interest Inventory (STRONG) or the Career Occupational Preference System Interest
Inventory (COPS) as part of the evaluation. The Pittsburgh Sleep Quality Index (PSQI), a
self-report measure and the Behavior Rating Inventory of Executive Function, Adults
Self-Report From (BRIEF-A), a paper-based self-rating scale, was filled out at the
appointment. The BRIEF-A Informant-Report Form was sent as part of a mail out packet,
filled out at home and returned to the office when they were scheduled for a
neuropsychological evaluation. For each of these, the instructions were explained, and
completion required a pencil or pen to complete. After the data was collected in paper
format, the BCT and TMT was scored using Halstead-Retain norms. The PSQI, BRIEFA, STRONG, and COPS was scored according to the manual and computer scoring
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program, respectively. After scoring, the data was manually inputted into SPSS for
statistical analyses.
Demographic Analyses
Descriptive statistics characterized the study sample including means, standard
deviations, percentages and frequencies.
Correlations, t-tests, and chi square evaluated the relationship between
demographic variables (i.e., age, sex, race, education) and executive functioning. Any
significant relationships were accounted for in analyses. General intelligence was also
accounted for in the analyses by including Matrix Reasoning and Similarities from the
Wechsler Adult Intelligence Scale, Fourth Edition, in regression models.
Neuropsychological functioning was presented as means and standard deviations to
characterize the sample overall.
Statistical Analyses
This retrospective, cross-sectional study evaluated global executive functioning,
as well as several subsectors of executive functioning (impulsivity, inhibition, cognitive
flexibility, abstract reasoning and concept formation) as they related to sleep quality and
weight. Scores on neuropsychological assessments were presented as t-scores and scaled
scores (continuous).
Sleep quality was evaluated as a continuous variable. Weight was a continuous
variable of body mass index (BMI, kg/m2), but was also analyzed by weight category
(underweight/healthy, overweight, obese). Vocational interest was measured by the
Strong Interest Inventory (STRONG) or the Career Occupational Preference System
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Interest Inventory (COPS) and was determined to be well-defined by a standard or
percentile score of 50 or greater on individual interest subscales.
To evaluate our hypotheses, regression was utilized. Assumptions associated with
linear regression include normality, homoscedascity, and multicollinearity and were
evaluated prior to analyses for all hypotheses.
For hypothesis 1, a hierarchical linear regression model (Enter method) analyzed
the relationship between executive functioning ability (global executive functioning,
cognitive flexibility and concept formation, set shifting, and inhibition) and global sleep
quality. T-scores were used in the analysis for scores representing global executive
functioning, cognitive flexibility and concept formation, set shifting, and inhibition.
Scaled scores were used for verbal abstract reasoning and nonverbal reasoning, and the
total PSQI score was also used.
For hypothesis 2, linear regression (Enter method) evaluated the relationship
between global sleep quality and body mass index (BMI) in the representative sample.
Additionally, regression was utilized to evaluate weight status (underweight/healthy,
overweight, versus obese) in relation to sleep-related outcomes.
For hypothesis 3, linear regression (Enter method) evaluated the relationship
between sleep disturbance and daytime dysfunction, and its relationship to BMI in the
representative sample. The raw scores were used for sleep disturbance and daytime
dysfunction to capture a greater range of these sleep quality variables.
For hypothesis 4, linear regression (Enter method) evaluated the relationship
between BMI and global executive dysfunction and inhibition. Additionally, regression
was utilized to evaluate weight status (underweight/healthy, overweight, obese) in

52

SLEEP QUALITY, WEIGHT, AND EXECUTIVE FUNCTIONING
relation to executive functioning. T-scores were used for executive functioning measures
in the analyses.
For hypothesis 5, a binary logistic regression model evaluated the relationship
between cognitive flexibility and concept formation, set shifting, and metacognition and
vocational interest. T-scores were used for executive functioning measures, whereas
interest standard or percentile scores were used for vocational measures.
Power and Sample Size Considerations
Assuming 80% power and a statistical significance at the p < 0.05 level, a
minimum requirement of 115 participants (G*Power) was estimated.

53

SLEEP QUALITY, WEIGHT, AND EXECUTIVE FUNCTIONING
Chapter 4: Results
Of the patients seen for neuropsychological evaluation from October 2018 to
February 2021, data for 96 patients were included in analyses. Reasons for potential
participant exclusions included: not within eligibility range or diagnoses of severe
intellectual disability or a progressive neurological condition.
Participants
The participants were 45.8% female, 53.1% male, and 1.1% unidentified.
Participants were a mean age of 32.6 ± 13.6 years and reported a mean education of 13.2
± 2.2 years. Race/ethnicity was recorded 48 of the 96 participants. Of the 48 participants
with a known race/ethnicity, 20.8% were White, 21.9% were Black, 5.2% were Hispanic,
and 2.1% were Asian. The mean BMI was 28.2 ± 7.5 kg/m2, which is in the overweight
range. In total, 52.1% of the sample were in the underweight, healthy or overweight
weight category (nonobese), whereas 31.3% were in the weight category of obese (BMI ≥
30 kg/m2). The most common co-occurring diagnoses in the sample were anxiety
disorders (52%), specific learning disorders (50%), depressive disorders (35%), and
attention deficit-hyperactivity disorder (31%). Sample characteristics are in Table 1.

54

SLEEP QUALITY, WEIGHT, AND EXECUTIVE FUNCTIONING

55

Table 1
Demographic Characteristics of Participants
Characteristic

M

SD

n

%

Age

32.56

13.62

96

--

Education (years)

13.23

2.17

96

--

Body mass index (kg/m2)

28.23

7.51

80

--

Female

--

--

51

45.8

Male

--

--

44

53.1

Unidentified

--

--

1

1.1

Obese

--

--

30

31.3

Nonobese

--

--

50

52.1

Missing

--

--

16

16.7

White

--

--

20

20.8

Black

--

--

21

21.9

Hispanic

--

--

5

5.2

Asian

--

--

2

4.2

Race missing

--

--

48

50

Demographics

Weight Classification

Race/ethnicity
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Weight, Survey and Cognitive Measures: Descriptive Statistics
Descriptive statistics of weight (BMI), sleep quality (PSQI), executive
functioning measures (BCT, Trails A, and Trails B), and intellectual functioning (WAISIV: MR and Sim) are in Tables 2-7.

Table 2
BMI (kg/m2) Descriptive Statistics
Min.

Max.

M

SD

% with
obesity

Body mass index

16.00

56.40

28.23

7.51

31.3

The mean PSQI total score was 7.42 (SD = 4.67), which is above the threshold for
poor sleep quality. Out of the 66 participants with available PSQI data, 66.7% endorsed
poor sleep quality (total score of five or more, Table 3).
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Table 3
PSQI Statistics
Variable

Min.

Max.

M

SD

% 5 or

Total Score

0

21

7.42

4.67

66.7

Sleep Disturbance (Raw)

0

22

8.69

6.19

--

Sleep Disturbance (Composite)

0

3

1.46

0.76

--

Daytime Dysfunction (Raw)

0

6

2.04

1.87

--

Daytime Dysfunction (Composite)

0

3

1.21

1.05

--

The mean Global Executive Composite (GEC) of the BRIEF self-report from was
62.28 (SD = 13.16), whereas the mean GEC of the BRIEF informant-report was 59.17
(SD = 11.98). Means of the BRIEF self- and informant-report for Metacognition were
62.89 (SD = 13.17) and 61.25 (SD = 13.33), respectively. On the Inhibit scale of the
BRIEF, the self-report mean was 58.47 (SD = 11.78) and the informant-report mean was
55.02 (SD = 11.69). No averages were in the clinically significant range (score of 65 or
above). The means of the t-scores for Trails A and Trails B were 38.73 (SD = 9.79) and
42.71 (SD = 11.18), respectively. The mean t-score for Total Errors on the Booklet
Category test was 42.04 (SD = 14.07, Table 4).
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Table 4
Executive Functioning Measure Descriptive Statistics
Variable

Min.

Max.

M

SD

Label

Total – Self

37

95

62.28

13.16

WNL

Total – Informant

35

85

59.17

11.98

WNL

Metacognition – Self

38

94

62.89

13.17

WNL

Metacognition – Informant

36

89

61.25

13.33

WNL

Inhibit – Self

36

85

58.47

11.78

WNL

Inhibit – Informant

39

85

55.02

11.69

WNL

Trails A

18

71

38.73

9.79

Low Average

Trails B

12

55

42.71

11.18

Low Average

13

81

42.03

14.47

Low Average

BRIEF

Trail Making Test

Booklet Category Test
Total Errors

Note. Scoring range for the BRIEF is either Within Normal Limits (WNL) or Clinically Significant
(score of 65 or above). Scoring range for Trails A, Trails B, and the Booklet Category Test are based
on the neuropsychological t-scores and their corresponding scoring ranges (i.e., Exceptionally Low,
Below Average, Low Average, Average, High Average, Above Average, and Exceptionally High).
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On the BRIEF, a T-Score of 60-64 denotes scores that are mildly elevated and
approaching significance. Scores 65 and above denote clinical significance. In the current
sample, the self-report found 34 individuals were at or above the significance threshold.
On the informant report measure, 21 participants were at or above the significance
threshold. A summary of the BRIEF scores is in Table 5.

Table 5
BRIEF Self-Report and Informant Range of Scores
Range of Scores

n

%

Label

Total Score: 37 - 59

31

40.8

Normal

Total Score: 60 - 64

11

14.5

Mildly Elevated

Total Score: 65 and above

34

44.7

Clinical

BRIEF Self-Report

Significance
BRIEF Informant-Report
Total Score: 37 - 59

30

50.0

Normal

Total Score: 60 - 64

9

15.0

Mildly Elevated

Total Score: 65 and above

21

35.0

Clinical
Significance
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The intelligence measures included Matrix Reasoning and Similarities from the
WAIS-IV. The mean scaled score of Matrix Reasoning was 9.14 (SD = 3.80). The mean
scaled score of Similarities was 9.71 (SD = 3.32, Table 6).

Table 6
WAIS-IV Descriptive Statistics
Variable

Min.

Max.

M

SD

Label

Matrix Reasoning

1

19

9.14

3.80

Average

Similarities

3

17

9.71

3.32

Average

Vocational measures frequencies were measured by defining well-defined
vocational interests versus no-well-defined vocational interests. Any single standard
score above 50 for any vocational domain was defined as a well-defined vocational
interest, which includes both the COPS and STRONG measures. A summary of
frequencies between well-defined and not well-defined vocational interests can be found
in Table 7.
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Table 7
COPS and STRONG Frequency Table
n

Label

Below 50

1

Poorly defined

50 or above

26

Well defined

Below 50

16

Poorly defined

50 or above

42

Well defined

Variable
COPS

STRONG

Note. 50 represents a standard score.

Assumptions of Regression
Before attempting parametric statistics to test our hypotheses, the assumptions of
regression were evaluated for dependent variables measuring executive functioning
(BRIEF Self-Report. BRIEF Informant-Report, Trails B and the BCT). Analyses and
histograms indicated that the dependent variables were normally distributed (Table 8;
Figures 1-4).
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Table 8
Tests of Normality (Kolmogorov-Smirnov)
Variable

p

BRIEF Self-Report

.060

BRIEF Informant-Report

.080

Trails B

.087

Booklet Category Test

.081

Figure 1
Frequency Histogram of BRIEF Self-Report Scores
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Figure 2
Frequency Histogram of BRIEF Informant-Report Scores

Figure 3
Frequency Histogram of Trails B Demographically Corrected Scores
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Figure 4
Frequency Histogram of Booklet Category Test Demographically Corrected T Scores

To evaluate the assumption of homoscedasticity, the data were visually assessed
using scatterplots for the primary outcome (BRIEF self-report) and the primary predictor
variables (BMI and PSQI Global score). Additionally, acceptable multicollinearity was
observed (Figures 5 and 6).
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Figure 5
Multicollinearity of BRIEF Self-Report Scores and BMI

Figure 6
Multicollinearity of BRIEF Self-Report Scores and PSQI Scores

Correlation Matrix
Prior to evaluating the study hypotheses, the relationship between the
participants’ demographic characteristics, general intelligence indicators, and executive
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functioning measures was examined for potential inclusion in the regression models
(Tables 9-10).

Table 9
Correlation Matrix of Demographic Variables and Measures
Variable

Age

Sex

Education

BMI

Age

--

-.028

.017

.200

Sex

-.028

--

-.006

.137

Education

.017

-.006

--

-.140

BMI

.200

.137

-.140

--

PSQI Total Score

.168

.337*

-.003

.081

BRIEF Self Total Score

-.057

.199

.155

.185

BRIEF Informant Total Score

.066

.053

-.038

.052

Trails B

.099

-.138

.226*

-.077

BCT Total Errors

-.044

-.056

.195

.067

WAIS-IV: Matrix Reasoning

-.027

-.109

.417*

-.057

WAIS-IV: Similarities

-.019

-.040

.353*

-.151

*p < 0.05.
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A significant correlation was found between sex and the PSQI Total Score (r =
0.337, p = .006) and between education level and Trails B (r = 0.226, p = .03). Trails B
was also significantly related to BCT (r = 0.533, p < 0.001). Education was predictive of
performance on both Matrix Reasoning (r = .417, p < 0.001) and Similarities (r =0. 353 p
< 0.001; Table 9). These demographic variables were subsequently included as first steps
in relevant hierarchical regression analyses (Enter method).

Table 10
Correlation Matrix of Intelligence Measures, Sleep, and Cognitive Functioning
Measures
Variable

Trails B

BCT

WAIS-IV:MR

WAIS-IV: Sim

.189

.172

.030

-.024

-.071

--

.605*

-.007

-.014

.086

.062

BRIEF Informant

.605*

--

.007

-.075

.056

.105

Trails B

-.007

.007

--

.533*

.474*

.449*

BCT Total Errors

-.014

-.075

.533*

--

.622*

.514*

WAIS-IV: MR

.086

.056

.474*

.622*

--

.604*

WAIS-IV: Sim.

.062

.105

.449*

.514*

.604*

--

PSQI
BRIEF Self

BRIEF

BRIEF

Self

Informant

.258

*p < 0.05.

Matrix Reasoning correlated with Trails B (r = 0.474, p < 0.001) and BCT Total
Errors (r = 0.622, p < 0.001). Analysis showed a relationship between Similarities and
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Trails B (r = 0.449, p < 0.001), BCT (r = 0.514, p < 0.001), and Matrix Reasoning (r = 0
.604, p < 0.001). Therefore, WAIS-IV measures were included in relevant regression
models.
Hypothesis 1
Linear regression assessed the relationship between the executive functioning
measures and sleep quality. Measures of intelligence were also included in all regression
models, though they did not correlate with sleep. Sex was also included as the first step in
all analyses that included the PSQI as an outcome.
Analyses indicated that the overall model for the BRIEF self-report Global
Executive Composite (GEC) and sleep quality as measured by the PSQI was not
significant (F = 1.492, p = 0.229 Table 11).

Table 11
Overall Model Assessing BRIEF Self-Report Total Score and Sleep Quality (PSQI, n =
50)
Predictor

SS

df

MS

F

p

(Constant)

222.77

2

111.39

0.56

.575

PSQI Total Score

848.85

3

282.95

1.49

.229

Note. Dependent variable: BRIEF Self-Report Total Score; (Constant): WAIS-IV
Similarities and WAIS-IV Matrix Reasoning.
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Global executive functioning (GEC) as measured by the BRIEF Self-Report Form
did not relate to sleep quality (t = 1.817, p = 0.076, Table 12).

Table 12
BRIEF Self-Report Total Score and Sleep Quality (Individual Predictors)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

60.27

7.32

--

8.23

<.001

WAIS-IV: MR

0.72

0.68

.18

1.06

.296

WAIS-IV: Sim

-0.44

0.79

-.096

-0.56

.581

(Constant)

51.86

8.52

--

6.09

<.001

WAIS-IV: MR

0.76

0.67

.19

1.14

.260

WAIS-IV: Sim

-0.25

0.78

-.05

-0.32

.754

PSQI Total Score

0.74

0.41

.26

1.82

.076

Note. Dependent variable: BRIEF Self-Report Total Scores

Similarly, analyses indicated that the overall model for the BRIEF informantreport GEC and sleep quality as measured by the PSQI was not significant (F = 0.423,
p = 0.737, Table 13).
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Table 13
Overall Model Assessing BRIEF Informant-Report Total Score and Sleep Quality (n =
40) (PSQI)
Predictor

SS

df

MS

F

p

(Constant)

17.65

2

8.83

0.50

.951

PSQI Total Score

222.37

3

74.12

0.42

.737

Note. Dependent variable: BRIEF Informant-Report Total Score; (Constant): WAIS-IV
Similarities and WAIS-IV Matrix Reasoning.

Global executive functioning (GEC) as measured by the BRIEF Informant-Report
did not relate to sleep quality (t = 1.081, p = 0.287, Table 14).
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Table 14
BRIEF Informant-Report Total Score and Sleep Quality (Individual Predictors)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

57.55

7.15

--

8.05

<.001

WAIS-IV: MR

-0.17

0.74

-.05

-0.23

.822

WAIS-IV: Sim

0.26

0.83

.07

0.31

.755

(Constant)

52.29

8.64

--

6.06

<.001

WAIS-IV: MR

-0.01

0.75

-.004

-0.02

.987

WAIS-IV: Sim

0.26

0.83

.07

0.32

.754

PSQI Total Score

0.49

0.45

.18

1.08

.287

Note. Dependent variable: BRIEF Informant-Report Total Score.

Analyses indicated that the overall model for the Inhibition, a subscale on both the
BRIEF Self-Report Form (F = 1.262, p = 0.299) and the BRIEF Informant-Report Form
(F = 0.268, p = 0.848) as related to PSQI were not significant (Table 15 and 16).
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Table 15
Overall Model Assessing BRIEF Self-Report Inhibition Score and Sleep Quality (n =
49)
Predictor

SS

df

MS

F

p

(Constant)

424.67

2

212.34

1.65

.203

PSQI Total Score

429.41

3

164.14

1.26

.299

Note. Dependent variable: BRIEF Self-Report Inhibition; (Constant): WAIS-IV
Similarities and WAIS-IV Matrix Reasoning.

Table 16
Overall Model Assessing BRIEF Informant Inhibition Score and Sleep Quality (n =
40)
Predictor
(Constant)
PSQI Total Score

SS

df

MS

F

p

0.95

2

0.48

0.003

.997

134.93

3

44.98

0.27

.848

Note. Dependent variable: BRIEF Informant-Report Inhibition; (Constant): WAIS-IV
Similarities and WAIS-IV Matrix Reasoning
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Similarly, Inhibition as measured by the BRIEF Self-Report (t = 0.722, p = 0.474)
and BRIEF Informant-Report (t = 0.894, p = 0.337) did not significantly relate to sleep
quality (Tables 17 and 18).

Table 17
BRIEF Self-Report Inhibition Score and Sleep Quality (Individual Predictors)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

55.85

5.93

--

9.42

.001

WAIS-IV: MR

1.01

0.55

.31

1.82

.076

WAIS-IV: Sim

-0.61

0.63

-.16

-0.97

.339

(Constant)

53.11

7.06

--

7.52

.001

WAIS-IV: MR

1.01

0.56

.31

1.82

.076

WAIS-IV: Sim

-0.55

0.64

-.15

-0.85

.398

PSQI Total Score

0.25

0.34

.72

0.72

.474

Note. Dependent variable: BRIEF Self-Report Inhibition
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Table 18
BRIEF Informant-Report Inhibition Score and Sleep Quality (Individual Predictors)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

54.90

6.96

--

7.89

.001

WAIS-IV: MR

0.05

0.72

.02

0.8

.940

WAIS-IV: Sim

-0.03

0.81

-.01

-0.04

.967

(Constant)

50.64

8.45

--

5.99

.001

WAIS-IV: MR

0.18

0.74

.05

0.24

.809

WAIS-IV: Sim

-0.03

0.81

-.01

-0.04

.967

PSQI Total Score

0.395

0.44

.15

0.89

.377

Note. Dependent variable: BRIEF Informant-Report Inhibition

Linear regression analyzed the relationship between performance on the BCT and
sleep quality (PSQI). Measures of intelligence were included first in the regression
model (Enter Method). Analyses indicated that the overall model for the BCT errors
score and sleep quality as measured by the PSQI was significant (F = 12.263, p < 0.001,
Table 19).
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Table 19
BCT Errors and Sleep Quality Overall Model (n = 60)
Predictor

SS

df

MS

F

p

(Constant)

5038.53

2

2519.27

18.23

<.001

PSQI Total Score

5120.03

3

1706.68

12.26

<.001

Note. Dependent variable: BCT Total Errors; (Constant): WAIS-IV Similarities and
WAIS-IV Matrix Reasoning.

Analyses of the individual predictors suggest that sleep quality did not
significantly relate to scores on the BCT, which measures cognitive flexibility and
concept formation (t = 0.765, p = 0.447, Table 20).
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Table 20
Individual Predictors Analyzing BCT Errors and Sleep Quality (PSQI)
Model

Variable

Unstandardized

Standardized

Coefficients

1

(Constant)
Matrix Reasoning
Similarities

2

(Constant)
Matrix Reasoning
Similarities

PSQI Total Score

B

SE

β

t

p

16.23

5.16

--

3.15

.003

1.82

0.51

.47

3.54

.001

0.93

0.61

.20

1.52

.133

13.87

6.03

--

2.30

.025

1.81

0.52

.47

3.51

.001

0.98

0.62

.21

1.59

.119

0.25

0.33

.08

0.77

.447

Note. Dependent variable: BCT Total Errors.

Linear regression analyzed the relationship between performance on Trails B (set
shifting) and sleep quality (PSQI). Measures of intelligence, education level, and sex
were included first in the regression model (Enter Method). Analyses indicated that the
overall model for the Trails B score and sleep quality as measured by the PSQI was
significant (F = 4.563, p = 0.002, Table 21).
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Table 21
Overall Model Analyzing Trails B Scores and Sleep Quality (PSQI, n = 59)
Predictor

SS

df

MS

F

p

(Constant)

1987.81

4

496.95

4.396

.004

PSQI Total Score

2435.57

5

487.11

4.56

.002

Note. Dependent variable: Trails B; (Constant): WAIS-IV Similarities, Sex, Education,
and WAIS-IV-IV Matrix Reasoning.

Analyses of the individual predictors suggest that sleep quality was significantly
associated with scores on Trails B, which measures set shifting (t = 2.048, p = 0.046,
Table 22).
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Table 22
Individual Predictors as They Relate to Trails B and Sleep Quality
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

33.72

8.91

--

3.78

<.001

WAIS-IV: MR

0.76

0.49

.25

1.54

.131

WAIS-IV: Sim

1.23

0.59

.34

2.10

.040

Sex

-0.65

2.96

-.28

-0.22

.827

Education

-0.64

0.70

-.13

-0.92

.360

(Constant)

30.80

8.78

--

3.51

<.001

WAIS-IV: MR

0.68

0.48

.22

1.42

.160

WAIS-IV: Sim

1.31

0.57

.36

2.29

.026

Sex

-2.60

3.03

-.11

-0.86

.396

Education

-0.58

0.68

-.12

-0.86

.393

PSQI Total Score

0.63

0.31

.25

2.05

.046

Note. Dependent variable: Trails B.
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Hypothesis 2
Linear regression assessed the relationship between sleep quality and BMI.
Results indicate that the overall model was not significant (F =0.383, p = 0.538, Table
23).

Table 23
Overall Model Assessing BMI and Sleep Quality (PSQI, n = 59)
Predictor
PSQI Total Score

SS

df

MS

F

p

22.15

1

22.15

0.38

.538

Note. Dependent variable: BMI.

Results of the linear regression showed that sleep quality was not associated with
BMI in the representative sample (t = .619, p = 0.538, Table 24).
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Table 24
Individual Predictors as They Relate to BMI and Sleep Quality (PSQI, n = 59)
Variable

Unstandardized

Standardized

Coefficients
B

SE

β

t

p

(Constant)

27.30

1.83

--

14.96

.001

PSQI Total Score

0.13

0.21

.08

0.62

.538

Note. Dependent variable: BMI.

Additionally, linear regression (Enter Method) evaluated the relationship between
weight category (dichotomously coded as obese or nonobese) and sleep quality on the
PSQI. The overall model indicated significance (F = 3.22, p = 0.048, Table 25):

Table 25
Overall Model Evaluating Weight Category and Sleep Quality (n = 58)
Predictor

SS

df

MS

F

p

Sex

141.92

1

141.92

6.54

.013

BMI

142.08

2

71.04

3.22

.048

Note. Dependent variable: PSQI Total Score.
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Though the overall model was significant, this significance was accounted for by
the predictor of biological sex (p = 0.014) and there was no significant relationship
between weight category and sleep quality (p = 0.93, Table 26).

Table 26
Individual Predictors Assessing Weight Category (Obese Versus Nonobese) and Sleep
Quality (n = 58)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

2.86

1.91

--

1.50

.139

Sex

3.10

1.21

.32

2.56

.013

(Constant)

3.00

2.50

--

1.20

.235

Sex

3.11

1.23

.32

2.53

.014

Weight Category

-0.11

1.27

-.01

-0.09

.932

Note. Dependent variable: PSQI Total Score.

Hypothesis 3
Linear regression analyzed the relationship between sleep disturbance and BMI.
The overall model was significant (F= 6.262, p = 0.015, Table 27).
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Table 27
Overall Model of Sleep Disturbance Scores in Relation to BMI (n = 61)
Predictor
Sleep Disturbance

SS

df

MS

F

p

338.63

1

338.634

6.26

.015

Note. Dependent variable: BMI.

Results of the linear regression showed that sleep disturbance was associated with
BMI (t = 2.50, p = 0.015, Table 28)

Table 28
Individual Predictors as They Relate to BMI and Sleep Disturbance (n = 61)
Variable

Unstandardized

Standardized

Coefficients
B

SE

β

t

p

(Constant)

24.94

1.60

--

15.54

<.001

Sleep Disturbance

0.37

0.15

.31

2.50

.015

Note. Dependent variable: BMI.

Linear regression analyzed the relationship between daytime dysfunction and
BMI. The overall model was not significant (F = 1.197, p = 0.278), Table 29).
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Table 29
Overall Model of Daytime Dysfunction Scores in Relation to BMI (n = 61)
Predictor
Daytime Dysfunction

SS

df

MS

F

p

70.07

1

70.07

1.197

.278

Note. Dependent variable: BMI.

Results of the linear regression showed that daytime dysfunction was not
associated with BMI in the representative sample (t = 1.09, p = 0.278, Table 30).

Table 30
Individual Predictors of Daytime Dysfunction in Relation to BMI (n = 61)
Variable

Unstandardized

Standardized

Coefficients
B

SE

β

t

p

(Constant)

27.06

1.42

--

19.01

<.001

Daytime dysfunction

0.56

0.51

.14

1.09

.278

Note. Dependent variable: BMI.

Hypothesis 4
A linear regression assessed the relationship between BMI and various measures
of executive functioning after accounting for education and general intelligence levels.
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BMI was not significantly associated with global executive functioning as measured by
the BRIEF Self-Report GEC Score (t = 1.475, p = 0.146; Tables 31 and 32).

Table 31
Overall Model of BRIEF Self-Report Total Score in Relation to BMI (n = 59)
Variable

Unstandardized

Standardized

Coefficients
B

SE

β

t

p

(Constant)

312.17

3

104.06

0.59

.622

BMI

686.24

4

171.56

0.998

.417

Note. Dependent variable: BRIEF self-report total score; (Constant): WAIS-IV
Similarities, Education, WAIS-IV-IV Matrix Reasoning.
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Table 32
Individual Predictors of BRIEF Self-Report Total Score in Relation to BMI (n = 59)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

63.53

11.67

--

5.44

<.001

Education

0.16

0.91

.03

0.18

.862

Matrix Reasoning

0.71

0.65

.19

1.08

.284

Similarities

-0.91

0.73

-.21

-1.24

.219

(Constant)

49.40

15.00

--

3.29

.002

Education

0.44

0.92

.07

0.47

.638

Matrix Reasoning

0.68

0.65

.18

1.05

.300

Similarities

-0.76

0.73

-.18

-1.04

.303

BMI

0.34

0.23

.20

1.48

.146

Note. Dependent variable: BRIEF self-report total score.

BMI was not significantly related to the BRIEF Informant-Report GEC Score (t =
0.308, p = 0.759, Tables 33 and 34).
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Table 33
Overall Model of BRIEF Informant-Report Total Score in Relation to BMI (n = 49)
Predictor

SS

df

MS

F

p

(Constant)

228.21

3

76.07

0.52

.670

BMI

242.37

4

60.59

0.41

.803

Note. Dependent variable: BRIEF informant-report total score; (Constant): WAIS-IV
Similarities, Education, WAIS-IV-IV Matrix Reasoning.
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Table 34
Individual Predictors of BRIEF Informant-Report Total Score in Relation to BMI (n =
49)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

68.36

11.66

--

5.86

.000

Education

-0.99

0.92

-.17

-1.08

.288

Matrix Reasoning

0.41

0.67

.12

0.60

.549

Similarities

0.09

0.76

.02

0.12

.907

(Constant)

65.27

15.46

--

4.22

.000

Education

-0.93

0.95

-.16

-0.98

.334

Matrix Reasoning

0.38

0.68

.12

0.56

.580

Similarities

0.15

0.79

.04

0.19

.854

BMI

0.07

0.23

.05

0.31

.759

Note. Dependent variable: BRIEF informant-report total score.

BMI was not significantly correlated with inhibition scores as measured by the
BRIEF Self-Report Inhibition (t = 1.48, p = 0.256, Tables 35 and 36) or the BRIEF
Informant Report Inhibition (t = 1.32, p = 0.195, Tables 37 and 38).
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Table 35
Overall Model of BRIEF Self-Report Inhibit Score in Relation to BMI (n = 59)
Predictor

SS

df

MS

F

p

(Constant)

272.31

3

90.77

0.599

.618

BMI

471.05

4

117.76

0.78

.542

Note. Dependent variable: BRIEF self-report inhibit score; (Constant): WAIS-IV
Similarities, Education, WAIS-IV-IV Matrix Reasoning.
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Table 36
Individual Predictors of BRIEF Self-Report Inhibit Score in Relation to BMI (n = 59)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

56.69

10.84

--

5.23

<.001

Education

-0.08

0.85

-.01

-0.095

.925

Matrix Reasoning

0.78

0.61

.22

1.29

.204

Similarities

-0.37

0.68

-.09

-0.55

.588

(Constant)

46.39

14.05

--

3.30

.002

Education

0.12

0.86

.02

0.14

.889

Matrix Reasoning

0.76

0.60

.22

1.25

.215

Similarities

-0.26

0.68

-.07

-0.38

.704

BMI

0.24

0.21

.16

1.15

.256

Note. Dependent variable: BRIEF self-report inhibit score.
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Table 37
Overall Model of BRIEF Informant-Report Inhibit Score in Relation to BMI (n = 49)
Predictor

SS

df

MS

F

p

(Constant)

328.62

3

109.54

0.786

.508

BMI

565.93

4

141.48

1.031

.402

Note. Dependent variable: BRIEF informant-report inhibit score; (Constant): WAIS-IV
Similarities, Education, WAIS-IV-IV Matrix Reasoning.
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Table 38
Individual Predictors of BRIEF Informant-Report Inhibit Score in Relation to BMI
(n = 49)
Model

Variable

Unstandardized

Standardized

Coefficients

1

2

B

SE

β

t

p

(Constant)

65.80

11.39

--

5.78

<.001

Education

-1.16

0.90

-.196

-1.29

.203

Matrix Reasoning

0.52

0.66

.16

0.80

.430

Similarities

0.07

0.74

.02

0.10

.922

(Constant)

53.17

14.83

--

3.58

.001

Education

-0.91

0.91

-.15

-0.10

.323

Matrix Reasoning

0.42

0.67

.13

0.64

.523

Similarities

0.31

0.76

.09

0.41

.685

BMI

0.29

0.22

.20

1.32

.195

Note. Dependent variable: BRIEF informant-report inhibit score.
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Hypothesis 5
Logistic regression assessed the relationship between executive functioning (i.e.,
cognitive flexibility and concept formation, set shifting and metacognition) vocational
interests across two measures. Scores on the BCT, Trails B, and BRIEF Informant-Report
Metacognition were not associated with endorsing a defined (one interest score above 50)
or undefined vocational interest (no interest scores above 50; p > 0.05 for all). BRIEF
Self- Report Metacognition significantly related to endorsing a defined or undefined
vocational interest (p = 0.011, Table 39).

Table 39
Individual Predictors of Well or Poorly Defined Vocational Interests (n = 55)
Variable

B

SE

Wald Test

df

p

BCT Total Errors

0.024

0.03

0.54

1

.464

Trails B

0.004

0.04

0.01

1

.924

BRIEF Self-1=

0.114

0.05

6.49

1

.011

-0.056

0.04

2.54

1

.111

-3.134

2.85

1.21

1

.271

Metacognition
BRIEF
InformantMetacognition
(Constant)

Note. Dependent variable: COPS and STRONG.
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Chapter 5: Discussion
The aim of the current study was to evaluate the relationship between EF, sleep
quality, and weight status in a vocational rehabilitation population. Previous studies
suggest that both elevated weight and poorer sleep quality are associated with various
weaknesses in cognitive functioning, including EF deficits (Gunstad et al., 2007; Lokken
et al., 2009; Prickett et al., 2015; Waters & Bucks, 2011). These deficits are evidenced by
focal neuroanatomical changes observed on neuroimaging studies within the frontal
lobes, such as the orbitofrontal and ventromedial prefrontal cortex (Carnell et al., 2012;
Cazettes et al., 2011; van Meer et al., 2016; Waters & Bucks, 2011). These findings have
translated to neuropsychological testing performance, as individuals with higher weight
status and poorer sleep quality perform more poorly than controls on measures of
inhibition, mental flexibility, decision making, verbal fluency, planning, abstract
reasoning, and set shifting (Favieri et al., 2019; Gildner et al., 2014; Horne, 1988;
Killgore et al., 2008; Nebes et al., 2009; Nilsson et al., 2005; Stenuit & Kerkhofs, 2008;
Van Dongen et al., 2003; Wimmer et al., 1992; Yang et al., 2018). Prior to this study,
however, little was known regarding the relationship between sleep, weight, and EF in a
vocational rehabilitation sample.
Specifically, this study evaluated a range of EF measures in relation to weight and
sleep quality. Our hypothesis that lower executive functioning abilities (i.e., global EF,
cognitive flexibility and concept formation, set-shifting, and inhibition) would be
associated with poorer overall sleep quality was generally not supported, with the
exception of the EF ability of set-shifting. Set-shifting describes the ability to move from
one task or strategy to another (Lezak, 2007), which in the case of Trails B is alternating
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between numbers and letters in ascending order. These findings are somewhat consistent
with the vigilance-hypothesis model, which states that poorer sleep alters biological
clocks and causes fluctuating arousal, which in turn worsens cognitive performance
(Doran et al., 2001; Williams, 1959). Notably the prefrontal cortex is affected and results
in some level of executive dysfunction (Killgore et al., 2008). Poor sleep can also
negatively impact spatial attention (Bocca & Denise, 2006). Set shifting, as measured by
Trails B, is reliant on visual scanning and oculomotor movement, and poor sleep, notably
sleep deprivation, can cause impairments in saccadic eye movements, which affects
visual performance (Bocca & Denise, 2006; De Gennaro et al 2001; Zils et al 2005).
Therefore, sleep may play a huge role in one’s ability to attend to multiple stimuli in
someone’s environment. Nonetheless, our results are not consistent with previous
research suggesting the presence of relative weaknesses in widespread executive
functions in individuals with poorer sleep-related variables (Gildner et al., 2014; Horne,
1988; Killgore et al., 2008; Nebes et al., 2009; Nilsson et al., 2005; Stenuit, & Kerkhofs,
2008; Van Dongen et al., 2003; Wimmer et al., 1992). However, our findings are in
accordance with other studies that suggest that subjective sleep quality does not relate to
poorer cognitive functions, including EF (Miyata et al., 2013; Stepanski et al., 1989;
Zavecz et al., 2020). Additional studies are needed to further clarify these mixed results;
however, it is important to note that our study included a very specific vocational
rehabilitation sample, which may not generalize to other populations.
It is also possible that the subjective nature of the PSQI does not account for all
sleep-related variables that would constitute poorer cognitive performance on
neuropsychological testing. It is also possible that EF is only affected in prolonged sleep
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difficulty. For example, a study of healthy young adults found the ability to pay attention,
inhibit actions, and make decisions is preserved following three hours of sleep restriction
(Schaedler et al., 2018). There is also evidence to suggest that poor sleep only affects
specific cognitive functions and spares many aspects of EF (Tucker et al., 2010).
It was hypothesized that poorer overall sleep quality would be associated with
greater BMI, which was partially supported. Specifically, sleep quality was not associated
with BMI. However, sleep disturbance was associated with BMI. Sleep disturbance
according to the PSQI, includes challenges falling asleep within 30 minutes, waking up in
the middle of the night or early in the morning, waking to use the bathroom,
uncomfortable breathing, coughing or snoring loudly, feeling to hot or cold, or
experiencing bad dreams or pain (Buysse et al., 1989). Sleep duration (Cappuccio et al.,
2008; Sperry et al., 2015; Wu et al., 2014), OSA (Bearpark et al., 1993; Bixler et al.,
2001; Bixler et al., 2005; Durán et al., 2001; Ip et al., 2001; Ip et al., 2004; Kim et al.
2004; Udwadia et al., 2004; Young et al.,1993;), and other components of overall sleep
quality, such as greater sleep variability and irregular bed and awakening times (Baron et
al., 2011; Golley et al., 2013; He et al., 2015; Kobayashi et al., 2013; Mezick et al., 2014;
Ogilvie et al., 2016; Patel et al., 2014; Spruyt et al., 2011) have been shown to be
strongly associated with increased BMI. Although the current study only found a
relationship between sleep disturbance and BMI, it encompasses a wide range of sleep
difficulties that would include OSA, sleep variability, irregular awakening times, and
aspects of sleep duration. Many other studies have also alluded to a causal relationship
between poor sleep quality and higher weight status (Krističević et al., 2018; Rahe et al.,
2015).
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The relationship between poor sleep, which includes sleep disturbance, and BMI
has been demonstrated at physiological level. Research has shown that sleep deprivation
is related to a dysregulation of the hormones that regulate metabolism and energy
expenditure, thus lowering the number of calories burned at rest (Klok et al., 2007). In
addition, the dysregulation of these hormones may cause overeating behavior as a way to
compensate for poor sleep, as well as promoting increased activity of the reward
pathways in the brain (Penev, 2007; St-Onge, 2013). The role of sleep disturbance and
increased weight also applies to the vigilance-hypothesis model, which states that poor
sleep can cause a disruption of internal biological clocks and be detrimental to overall
functioning (Doran et al., 2001; Williams, 1959). Although the current study cannot
support the vigilance-hypothesis model in its entirety in how it relates to cognitive
functioning, it does support how sleep can dysregulate biological mechanisms. Other
research has supported how dysregulation can cause greater hunger and disinhibited
eating (Blumfield et al., 2018). This is a possible explanation for the link between poor
sleep or in the present study sleep disturbance and BMI.
Additionally, our hypothesis that higher BMI would be associated with greater
global executive dysfunction and poorer inhibition was not supported. The results of the
current study contradict many of the findings throughout the literature, which has
established a link between obesity and EF (Alosco et al., 2014; Spitznagel et al., 2013).
Inhibitory control and self-regulation studies have previously shown that individuals with
obesity had slower and poorer inhibitory responses to general and food-related stimuli as
measured by many neuropsychological measures (Calvo et al., 2014; Dassen et al., 2018;
Liu et al., 2019; Svaldi et al., 2015). From a broad perspective, EF functioning been
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shown to be lower in individuals with higher weight status compared to controls on
measures of inhibition, cognitive flexibility, working memory, decision-making, verbal
fluency, problem-solving, and planning (Brogan et al., 2010; Favieri et al., 2019; Navas
et al., 2016; Rotge et al., 2017; Yang et al., 2018). All of these variables encompass what
is found in subjective EF measures like the BRIEF. Contrary to these studies, there is also
evidence to suggest that weight by itself is unrelated to EF. For example, a study that
analyzed binge eating disorder and food addiction in patients with obesity found no
significant cognitive decline in individuals with food addiction, food addiction and binge
eating disorder together, or obesity-alone (Blume et al., 2018). The study only found
differences in persons with binge-eating disorder, which suggests that it is possible that
EF deficits are only associated with comorbid conditions rather than obesity alone.
Another possible explanation is genetic predisposition. There is evidence to suggest that a
higher cognitive baseline in childhood, for example higher general EF is related to having
a lower BMI and is attributable to phenotypic genetic influences (Wood et al., 2019).
Finally, our hypothesis that poorer cognitive flexibility and concept formation, set
shifting, and metacognition would be associated with fewer and less defined vocational
interests was partially supported. Specifically, self-reported metacognition significantly
related to defined vocational interest. Metacognition describes the ability to think about
one’s cognitive processes (Flavell, 1976) and includes aspects of decision-making,
working memory, planning/organization, organization of materials, task completion,
learning, and memory (Ariel et al., 2009; Metcalfe, 2002; Son & Metcalfe, 2000; Welsh
& Schmitt-Wilson, 2013). Poorer metacognitive control is associated with lower levels of
identity achievement (Welsh & Schmitt-Wilson, 2013) and related to self-efficacy and
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decision-making, which is predictive of undefined career thoughts (Bullock-Yowell et al.,
2012; García-García et al., 2009; Taylor & Betz, 1983). To date, there has been limited
research on the topic of EF and vocational interest, however, self-reported difficulties
with metacognition and behavior regulation relate to lower levels of identity achievement
and higher levels of moratorium and diffusion from a vocational perspective (Welsh &
Schmitt-Wilson, 2013). Given that poorer decision-making is related to less well-defined
vocational interests and dysfunctional career thoughts (Bullock-Yowell et al., 2012;
García-García et al., 2009), it is plausible that poorer metacognition and other aspects of
EF would be related to vocational interest as measured by vocational interest inventories.
On the contrary, individuals that have better metacognitive skills, likely have greater
awareness of their strengths and weaknesses associated with vocational interests and
therefore would identify more well-defined vocational interests on associated measures.
The demonstrated link between metacognition and vocational interest is suggestive that
EF perhaps impacts individuals in their goals to return to work. However, the lack of
overall findings among other components of EF in the current sample may suggest that
only metacognition is related to occupational success in individuals with disability. More
studies are needed to further clarify this preliminary finding considering the limited
research in the vocational rehabilitation population (Seida et al., 2018). Specifically,
investigating how behavioral regulation impacts vocational interest may be warranted
given previous findings (Welsh & Schmitt-Wilson, 2013). There may be a multitude of
additional variables to consider such as medical conditions, emotional distress,
psychological disorders, among other factors (Medic et al., 2017), especially because the
current study found that anxiety and depressive disorders occurred in 52% and 35% of
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the sample, respectively. Although sleep was unrelated to EF, the current sample showed
that 66.7% of participants endorsed poor sleep quality. The prevalence shows that
patients with disability may benefit from additional screening in the vocational evaluation
process and could later be targeted by cognitive-behavioral therapy-insomnia (CBT-I),
which has shown to be effective and a first-line treatment for people with sleep difficulty
(Anderson, 2018). In addition, addressing lifestyle factors like sleep, as well diet,
physical activity, being mentally active, participating socially, moderating alcohol use,
and refraining from smoking may improve cognitive functioning longitudinally across the
lifespan (Clare et al., 2017; Jirout et al., 2019; Kimura et al., 2019). Further, addressing
various lifestyle factors earlier in the lifespan has shown to improve overall brain health
and functioning as people age (Huang et al., 2020; Mintzer et al., 2019).
Implications
Although the current study did not yield many significant relationships between
sleep, EF, and weight status, it adds to the research on these topics in the adult
population, which has been limited to this point. However, our results did indicate that in
some respects, sleep quality related to both set shifting, a component of EF, and BMI,
and that metacognitive processes play a role in developing well-defined vocational
interests in this specific vocational rehabilitation population. Our findings also provide
some evidence for the opposite claim that global EF is not directly related to weight
status and/or sleep quality, but rather is associated with differing factors, such as genetics,
psychological disorders, emotional distress, and comorbid medical conditions (Blume et
al., 2018; Medic et al., 2017; Miyata et al., 2013; Stepanski et al., 1989; Tucker et al.,
2010; Zavecz et al., 2020). Notably, the vocational rehabilitation population traditionally
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experiences numerous additional psychosocial stressors and burdens aside from potential
cognitive deficits, which places this population at a higher risk for adverse outcomes
compared to the general population in work environments (Garbarino et al., 2016;
Goettler et al., 2017; Uehli et al., 2014).
Considering the pervasive problems with both sleep and obesity in the U.S. and
worldwide (Ford et al., 2015; Hales et al., 2018; Hruby & Hu, 2015; Kelly et al., 2008;
National Institutes of Health, 2019; Wang et al., 2008), sleep issues and weight should
remain a focus for prevention and treatment efforts. Further, a significant relationship
between sleep quality and set shifting was found. Therefore, treatment of sleep problems
with CBT-I (Anderson, 2018) may help with weight loss and improvement in EF. In
addition, future studies may benefit from exploring other psychosocial factors that may
adversely impact vocational rehabilitation patients, including mood disorders, anxiety
disorders, and neurodevelopmental conditions.
In addition, the current study adds meaningful data to the body of vocational
rehabilitation research, which is currently extremely limited in scope (Seida et al., 2018).
Many individuals with brain injuries or other disability visit vocational offices with
newfound deficits (Department of Labor and Industry in Pennsylvania, 2019). However,
current databases contain limited information on the vocational rehabilitation process;
notably, how neuropsychological evaluations lead to meaningful work-related
recommendations and how treatment following evaluation promotes return to work. The
current study found a relationship between self-reported metacognition and well-defined
vocational interest, which was supported in a prior study (Welsh & Schmitt-Wilson,
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2013). Therefore, future interventions could target this aspect of EF to promote better
vocational outcomes.
To that end, current vocational rehabilitation interventions primarily focus on job
coaching and cognitive compensatory strategies to account for deficits and improve
work-related functioning (Department of Labor and Industry in Pennsylvania, 2019).
Vocational rehabilitation programs also include appropriate placement into a job. Current
treatment modalities neglect many additional factors that may contribute to work
absences and work-related injuries (Bültmann et al., 2013; Goettler et al., 2017; Gu et al.,
2016; Sivertsen et al., 2013). In the current standard of practice, which ranges from a
40% to 74% success rate in return to work, success declines as disability severity
increases (Trexler & Parrott, 2018). Therefore, shifting to treating individuals with a
more holistic approach such as addressing sleep quality and EF, notably set shifting or
metacognition, may improve the efficacy of vocational rehabilitation programs.
Advocacy for the vocational rehabilitation community and for other individuals
with disability remains imperative. Currently, the United States employs a reactionary
model in the healthcare system and does not typically focus on preventable conditions
like obesity, which places a large economic burden on the patient and system (Cawley &
Meyerhoefer, 2012; Tsai et al., 2011; Wagner 1998; Wagner et al., 1996a, 1996b). Sleep
and obesity remain as barriers to overall health and wellbeing (Ford et al., 2015; Hales et
al., 2018; Hruby & Hu, 2015; Kelly et al., 2008; National Institutes of Health, 2019;
Wang et al., 2008). One potential solution is for the U.S. healthcare system to shift some
of its focus to preventable conditions (Calkins et al. 1999; Wagner et al., 1996a, 1996b).
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Study Strengths and Limitations
The strengths of this study include using both objective and subjective clinical
data from comprehensive and standardized neuropsychological evaluations. Another
strength of the study were the measures of sleep quality and vocational interest, which are
well validated and reliable, with good clinical utility.
In regard to limitations, the retrospective study design and the small sample size
obtained from a single urban training clinic, limit the generalizability of our findings.
Additionally, a Bonferroni correction was not conduced. Given these limitations, these
study findings should not be interpreted with caution. Lastly, a major limitation was
COVID-19. Specifically, COVID-19 resulted in the closure of the clinic used to collect
data from March 2020 through October 2020, and thus halted OVR referrals. The goal
number of participants for the study was 115; however, due to significant delays and
interruptions in neuropsychological service delivery, only 96 participants were included
in analyses. Even after the clinic opened, there were some limitations due to COVID-19
restrictions that slowed down the number of referrals and evaluations conducted.
Future Directions
Considering the limited number of current studies analyzing EF, sleep quality and
weight status in this population, replication of this study would provide further clarity on
the relationship between these variables, particularly utilizing a larger sample size from
multiple locations. In addition, given that the vocational rehabilitation literature is still
lacking evidence to guide treatment (Seida et al., 2018), replication is crucially important
and additional research is needed to better support this vulnerable population. A future
longitudinal study could also be beneficial to analyze outcomes of vocational
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rehabilitation, such as sustained employment, to determine which interventions are most
helpful (Dahm & Ponsford, 2015; Machamer et al., 2005). Further, factors contributing to
loss of employment could also be an important area for future study and help to
ultimately improve outcomes (Trexler & Parrot, 2018). Finally, future studies could
evaluate how behavioral regulation, as measured by the BRIEF-A, relates to holding
well-defined and undefined vocational interests given the preliminary evidence
supporting a relationship between these constructs (Welsh & Schmitt-Wilson, 2013).
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